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FIG. 1A

Complete Human IL-10 (NP_000563)
MHSSALLCCLVLLTGVRASPGQGTQSENSCTHFPGNLPNMLRDLRDAFSRVKTFFQMEK
DQLDNLLLKESLLEDFKGYLGCQALSEMIQFYLEEVMPQAENQDPDIKAHVNSLGENLK
TLRLRLRRCHRFLPCENKSKAVEQVKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKI
RN

FIG. 1B

Maturc Human 1L-10 (BC104252)
SPGQGTQSENSCTHFPGNLPNMLRDLRDAFSRVKTFFQMKDQLDNLLLKESLLEDFKGY
LGCQALSEMIQFYLEEVMPQAENQDPDIKAHVNSLGENLKTLRLRLRRCHRFLPCENKS
KAVEQVKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKIRN
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1
METHOD FOR ASSESSING PROTEIN
IDENTITY AND STABILITY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority benefit of U.S. provi-
sional application Ser. No. 61/836,034, filed Jun. 17, 2013,
which application is incorporated herein in its entirety.

FIELD OF THE INVENTION

The present invention relates to, among other things,
methods of assessing the identity and stability of composi-
tions comprising pegylated interleukin-10 and other pegy-
lated interleukin-10—related molecules.

INTRODUCTION

The cytokine interleukin-10 (IL-10) is a pleiotropic
cytokine that regulates multiple immune responses through
actions on T cells, B cells, macrophages, and antigen pre-
senting cells. IL-10 may suppress immune responses by
inhibiting expression of IL-1a, IL-1f, IL-6, IL-8, TNF-a,
GM-CSF and G-CSF in activated monocytes and activated
macrophages, and it also suppresses IFN-y production by
natural killer cells. Although I[.-10 is predominantly
expressed in macrophages, expression has also been
detected in activated T cells, B cells, mast cells, and mono-
cytes. In addition to suppressing immune responses, 1L.-10
exhibits immuno-stimulatory properties, including stimulat-
ing the proliferation of IL-2—and IL-4—treated thymo-
cytes, enhancing the viability of B cells, and stimulating the
expression of MHC class II.

As a result of its pleiotropic activity, 1L-10 has been
linked to a broad range of diseases, disorders and conditions,
including inflammatory conditions, immune-related disor-
ders, fibrotic disorders and cancer. Clinical and pre-clinical
evaluations with IL-10 for a number of such diseases,
disorders and conditions have solidified its therapeutic
potential. Moreover, pegylated IL-10 has been shown to be
more efficacious than non-pegylated IL.-10 in certain thera-
peutic settings.

In view of the prevalence and severity of IL-10—associ-
ated diseases, disorders and conditions, IL-10—related
agents that modulate aspects of IL.-10 function have tremen-
dous therapeutic value. As such, accurate and reproducible
methods for confirming the identity and stability, among
other characteristics, of an I[.-10—related therapeutic agent
prior to administration to a subject are of great interest.

SUMMARY

The present disclosure is drawn, in part, to methods and
other technologies that may be used to determine whether
compositions (e.g., pharmaceutical compositions) compris-
ing pegylated IL.-10 meet particular product-related speci-
fications prior to being administered to a subject for the
treatment and/or prevention of the diseases, disorders and
conditions, and/or the symptoms thereof, described herein.

The terms “IL-10”, “IL-10 polypeptide(s),” “IL-10-
agent(s)”, and “IL-10 molecule(s)” are used interchangeably
herein and include human and non-human IL-10—related
polypeptides, including homologs, variants (including
muteins), and fragments thereof, as well as IL.-10 polypep-
tides having, for example, a leader sequence (e.g., a signal
peptide). Unless otherwise indicated, the aforementioned
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2

terms also encompass pegylated versions of 1L-10, wherein
the PEG moiety has a molecular weight within the ranges
described herein. As used hereafter, the terms “PEG-IL-10”
and “pegylated interleukin-10” refer to an IL.-10 dimeric
molecule wherein one or both monomers are pegylated and
wherein each PEG moiety is approximately =5 kDa. In
particular embodiments, the I[.-10 molecule is pegylated at
the N-terminus of one or both monomers and each PEG
moiety is about 5 kDa to about 20 kDa.

Because biologic agents are sensitive to changes in the
starting materials and manufacturing processes used in their
production, they may be difficult to consistently generate
and characterize. Indeed, the production of biologics
requires very rigorous quality control due to the potential for
undesirable protein modifications and the possibilities for
contamination of the biologic product. As a result, the
integrity of the amino acid sequence of a protein biologic has
to be confirmed for each production batch in order to ensure
that it possesses, among other characteristics, the requisite
amino acid identity (e.g., amino acid sequence). This is
generally effected through the use of a lot release assessment
(e.g., a lot release assay). Confirmation of amino acid
identity through the use of a lot release assay generally
provides an indication that the biologic possesses the
required purity, potency, etc.

In order to be useful, data generated by a lot release assay
must be consistent and reproducible, including scenarios
where an individual performs the release assay using dif-
ferent equipment for separate batches; a different individual
performs the release assay using the same equipment as the
first individual; and a different individual performs the
release assay using different equipment than the first indi-
vidual. The methodology must provide consistent results
wherein the nature of the molecule being tested does not
interfere with the intrinsic mechanism by which the analyti-
cal method generates data. Thus, in the case of pegylated
molecules, the site(s) of pegylation require rigorous testing
to determine whether the release methodology is capable of
eliciting meaningful data.

Peptide mapping is a powerful method frequently
employed in the lot release assessment process. It provides
for the determination of the primary amino acid sequence of
a molecule, and thus is an indication of its identity. Peptide
mapping is an indispensable analytical method for quality
control of recombinantly-derived proteins, including protein
biologics. A peptide map is essentially a “fingerprint” of a
protein resulting from several chemical processes that pro-
vide a comprehensive understanding of the protein being
analyzed. Peptide mapping involves fragmentation of the
protein by enzymatic digestion or chemical cleavage, with
subsequent separation and analysis of the fragments.

In order to be used effectively and safely in the treatment
and/or prevention of I[.-10—related diseases, disorders and
conditions, and/or the symptoms thereof, pharmaceutical
compositions comprising the PEG-IL-10 molecules contem-
plated herein should possess defined specifications (e.g.,
maintenance of the stability of the pharmaceutical compo-
sition for the entirety of its shelf-life), as determined, in large
part, by the integrity of the primary amino acid sequence
over time. In addition, the location of the pegylation modi-
fication(s) can be determined by a specific peptide fragment
signature. In one embodiment, the present disclosure relates
to methods and other technologies useful for reproducibly
determining whether particular batches (“lots™) of pharma-
ceutical compositions comprising PEG-IL-10 meet the
required specifications (e.g., maintenance of the primary
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amino acid sequence and site of pegylation) for bulk drug
substance (BDS) and final drug product (DP).

The present disclosure contemplates a method of con-
firming the integrity of a pegylated protein, comprising
providing a sample comprising the pegylated protein, frag-
menting the pegylated protein to yield a test plurality of
peptides, and comparing the test plurality of peptides to a
reference standard (by, e.g., by use of a computer); wherein
the integrity of the pegylated protein is confirmed by dem-
onstrating equivalency of the test plurality of peptides and
the reference standard.

According to the present disclosure, the term “integrity”,
as used in the context of a pegylated protein, refers to a
characteristic that, if present in one pegylated protein (e.g.,
a test pegylated protein), indicates that the pegylated protein
is equivalent to another pegylated protein (e.g., a reference
pegylated protein). In particular embodiments, the charac-
teristic is the amino acid sequence of a pegylated protein.
Thus, using the methods described herein, one of ordinary
skill in the art is able to determine whether the amino acid
sequence of one pegylated protein is equivalent to that of
another pegylated protein.

In certain embodiments, the reference standard comprises
a plurality of reference peptides generated from fragmenting
a reference protein or a reference pegylated protein. The
pegylated protein is the same as the reference pegylated
protein in particular embodiments.

The present disclosure contemplates embodiments
wherein the fragmenting is carried out by contacting the
pegylated protein with a proteolytic agent such as a pepti-
dase. The peptidase may be, for example, trypsin or gluta-
myl endopeptidase (Endo Glu-C).

In particular embodiments, the aforementioned peptide
members of the test plurality of peptides are separated by
chromatography or electrophoresis. Certain embodiments
contemplate determining the absolute mass of each member
of the test plurality of peptides by mass spectrometry.
Methods of mass spectrometry include, but are not limited
to, ESI-MS, ESI-MS/MS, ESI-TOF MS, MALDI MS and
MALDI-TOF MS. The absolute mass of each member of the
reference plurality of proteins is frequently stored in elec-
tronic media such as a database.

Embodiments of the present disclosure pertain to methods
of confirming the identity of a plurality of peptides gener-
ated by an Endo Glu-C digestion of a pegylated human
interleukin-10 by comparing the plurality of peptides to a
PEG-hIL-10 reference standard, wherein the identity of the
plurality of peptides is confirmed by demonstrating equiva-
lency to the reference standard. The reference standard may
comprise a plurality of reference peptides corresponding to
those generated from digesting a reference hPEG-IL-10or a
reference hIL-10.

In the context of the present disclosure, equivalency of
one group of peptides (e.g., a test plurality of peptides) to
another group of peptides (e.g., a reference plurality of
peptides) can be determined using any art-accepted method.
By way of example, but not limitation, mass spectrometry
can be used in evaluating whether the peptides resulting
from enzymatic digestion of a protein yield the expected
peptide mass fingerprint. Equivalency parameters may be
established by a regulatory authority (e.g., FDA or foreign
equivalent) to ensure that a peptide biologic meets particular
requirements and thus is safe and effective for it intended
purpose.

The present disclosure also provides methods of confirm-
ing the integrity (e.g., amino acid sequence) of a pegylated
interleukin-10, comprising providing a sample comprising a
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test PEG-IL-10, fragmenting the test PEG-IL-10 (e.g, PEG-
hIL-10) to yield a test plurality of peptides, and comparing
(e.g., by use of a computer) the test plurality of peptides to
a reference standard; wherein the integrity of the pegylated
interleukin-10 is confirmed by demonstrating equivalency of
the test plurality of peptides and the reference standard. The
reference standard may encompass a plurality of reference
peptides generated from fragmenting a reference PEG-IL-10
or a reference IL-10. In particular embodiments, the test
PEG-IL-10 is the same as the reference PEG-IL-10.

In certain embodiments of the present disclosure, the
fragmenting is carried out by contacting the test PEG-IL-10
with a proteolytic agent. The proteolytic agent may be a
peptidase, such as trypsin or Endo Glu-C. Fragmenting of
the test PEG-IL-10 with Endo Glu-C results in more discrete
peptide fragments than fragmenting the test PEG-1L-10 with
trypsin. In this context, the term “discrete” indicates that
there is a defined, reproducible fingerprint. That is, digestion
with Endo Glu-C results in a distinct pattern of resolvable
peaks. In contrast, digestion with trypsin results in multiple
overlapping, non-resolvable peaks.

In particular embodiments, the peptide members of the
test plurality of peptides are separated by chromatography,
whereas they are separated by electrophoresis in other
embodiments. The absolute mass of each member of the test
plurality of peptides may be determined by mass spectrom-
etry, including the following technologies: ESI-MS, ESI-
MS/MS, ESI-TOF MS, MALDI MS and MALDI-TOF MS.
In regards to the reference plurality of peptides, the absolute
mass of each member may be determined by mass spec-
trometry. Data regarding the absolute mass of each member
of the reference plurality of peptides may be stored in a
computer database or other electronic media.

In some embodiments, the reference peptides generated
from fragmentation of the reference PEG-IL-10 are approxi-
mately equivalent to the reference peptides generated from
fragmentation of the reference IL.-10, as determined by, for
example, ESI-MS, ESI-MS/MS, ESI-TOF MS, MALDI MS
or MALDI-TOF MS. In the present disclosure, the meaning
of “approximately” and similar terms derives from the
context in which they are used. For example, the statement
that “the reference peptides generated from digestion of the
reference PEG-hIL-10 are approximately equivalent to the
reference peptides generated from digestion of the reference
hIL-10” indicates that the majority of peptides resulting
from both digestions are the same, but that there may be
some differences (nominal for the most part) as would be
expected when pegylated proteins are involved.

In still further embodiments, the present disclosure con-
templates methods of confirming the amino acid sequence of
a pegylated human interleukin-10 by providing a sample
comprising a test PEG-hIL-10, digesting the test hPEG-IL-
10 with Endo Glu-C to yield a test plurality of peptides, and
comparing (by, e.g., an algorithm or some type of comput-
erized system) the test plurality of peptides to a reference
standard; wherein the amino acid sequence of the pegylated
human interleukin-10 is confirmed by demonstrating
equivalency of the test plurality of peptides and the refer-
ence standard. In such methods, the reference standard may
be a plurality of reference peptides generated from digesting
a reference hPEG-IL-10 or a reference hIL-10. The test
PEG-hIL-10 and the PEG-hIL-10 are the same as in par-
ticular embodiments. As previously mentioned, digesting
the test PEG-hIL-10 with Endo Glu-C results in more
discrete peptide fragments than digesting the test PEG-hIL-
10 with trypsin.
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In some embodiments, the pegylated IL.-10 polypeptides
described herein comprise at least one PEG molecule cova-
lently attached to at least one amino acid residue of at least
one monomer of IL-10. Such pegylated polypeptides may
comprise a mixture of mono-pegylated and di-pegylated
IL-10 monomers. References herein to “mono-pegylated” or
“di-pegylated”, or equivalents thereof, are meant to be
construed more broadly than to just mono-pegylated and
di-pegylated IL-10. To illustrate, two or more different sites
on each IL.-10 monomer might be modified by introducing
more than one mutation to the IL-10 amino acid sequence
and then pegylating each of them, or one site on each IL-10
monomer may be pegylated in combination with pegylation
of the N-terminus. Exemplary pegylation conditions are
described herein. The PEG component may be any PEG
tolerated by the peptides. By way of example, the PEG
component of the modified peptide may have a molecular
mass from 5 kDa to 20 kDa in some embodiments, a
molecular mass greater than 20 kDa in other embodiments,
or a molecular mass of at least 30 kDa in still other
embodiments. PEGs having other molecular mass values are
also contemplated and are described herein.

In particular embodiments, the present disclosure con-
templates pegylated polypeptides having a bioactivity
approximating the bioactivity of SEQ ID NO:2. Bioactivity
may be determined by any method known in the art,
including a chemokine release assay or an MC/9 cell pro-
liferation assay. Exemplary protocols for such assays are
described herein.

The present disclosure includes pharmaceutical composi-
tions comprising the IL.-10 molecules described herein, and
a pharmaceutically acceptable diluent, carrier or excipient.
In some embodiments, the excipient is an isotonic injection
solution. The pharmaceutical compositions may be suitable
for administration to a subject (e.g., a human), and may
comprise one or more additional prophylactic or therapeutic
agents. In certain embodiments, the pharmaceutical compo-
sitions are contained in a sterile container (e.g., a single- or
multi-use vial or a syringe). A kit may contain the sterile
container(s), and the kit may also contain one or more
additional sterile containers comprising at least one addi-
tional prophylactic or therapeutic agent or any other agent
that may be used in pharmacological therapy.

Additional embodiments of the present disclosure com-
prise a method of treating or preventing a disease, disorder
or condition in a subject (e.g., a human), comprising admin-
istering a therapeutically effective amount of an IL-10
molecule described herein. In various embodiments of the
present disclosure, the disease, disorder or condition is a
proliferative disorder, including a cancer (e.g., a solid tumor
or a hematological disorder); an immune or inflammatory
disorder, including inflammatory bowel disease, psoriasis,
rheumatoid arthritis, multiple sclerosis, and Alzheimer’s
disease; thrombosis or a thrombotic condition or disorder,
including a state of hypercoagulation; a fibrotic disorder; a
viral disorder, including, but not limited to, human immu-
nodeficiency virus, hepatitis B virus, hepatitis C virus and
cytomegalovirus; a cardiovascular disorder, including ath-
erosclerosis or other cardiovascular-related disorders
wherein the subject may have elevated cholesterol and/or
other abnormal metabolic-related parameters (e.g., abnor-
mal blood glucose levels, insulin levels, or lipid levels).

In the methods of treating or preventing a disease, disor-
der or condition, administration of the therapeutically effec-
tive amount of a polypeptide described herein may be by any
route appropriate for the polypeptide, including parenteral
injection (e.g., subcutaneously). One or more additional
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prophylactic or therapeutic agents may be administered with
(e.g., prior to, simultaneously with, or subsequent to) the
peptide, and/or it may be administered separate from or
combined with the peptide.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A depicts the complete 178 amino acid human
1L-10 sequence. (SEQ ID NO:1): The 18 amino acid signal
peptide is underlined.

FIG. 1B depicts the 160 amino acid mature human IL.-10
sequence. (SEQ ID NO:2):

FIG. 2 depicts the Endo Glu-C amino acid sequence (SEQ
ID NO:3).

FIG. 3A is a protein crystal structure ribbon representa-
tion (top view) of the human IL.-10 monomer. The six helices
are labeled A-F.

FIG. 3B is a protein crystal structure ribbon representa-
tion (top view) of the human I.-10 homodimer. One mono-
mer is gray and the other monomer is black. The six helices
are labeled A-F.

FIG. 3C is a protein crystal structure ribbon representa-
tion (top view) of the human IT.-10 homodimer (gray) bound
to two human IL10R1/a receptors (black).

FIG. 4 is a chromatogram depicting an Endo Glu-C digest
and UV-detected peptide map of rhI.-10 (dark trace) and
PEG-rhIL-10 (light trace).

DETAILED DESCRIPTION

Before the present disclosure is further described, it is to
be understood that the disclosure is not limited to the
particular embodiments set forth herein, and it is also to be
understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is
not intended to be limiting.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated
or intervening value in that stated range, is encompassed
within the invention. The upper and lower limits of these
smaller ranges may independently be included in the smaller
ranges, and are also encompassed within the invention,
subject to any specifically excluded limit in the stated range.
Where the stated range includes one or both of the limits,
ranges excluding either or both of those included limits are
also included in the invention. Unless defined otherwise, all
technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs.

It must be noted that as used herein and in the appended
claims, the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. It is
further noted that the claims may be drafted to exclude any
optional element. As such, this statement is intended to serve
as antecedent basis for use of such exclusive terminology
such as “solely,” “only” and the like in connection with the
recitation of claim elements, or use of a “negative” limita-
tion.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present appli-
cation. Further, the dates of publication provided may be
different from the actual publication dates, which may need
to be independently confirmed.

Overview
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The production of biologics requires very rigorous quality
control due to the potential for undesirable protein modifi-
cations and the numerous possibilities for contamination of
the biologic product. A lot release assay is generally used to
assess and ensure, for example, the integrity of the amino
acid sequence of the active pharmaceutical ingredient (API)
for each production batch (“lot™).

The present disclosure relates generally to pegylated
IL-10 molecules, including PEG-IL-10. In particular
embodiments, the present disclosure is drawn to methods
and other technologies, including lot release assessments,
useful in determining whether compositions (e.g., pharma-
ceutical compositions) comprising PEG-IL-10 molecules
meet particular product-related specifications before they
are administered to a subject for the treatment and/or pre-
vention of various IL-10—related diseases, disorders and
conditions, and/or the symptoms thereof. In certain embodi-
ments, the PEG-IL-10 molecules and compositions (e.g.,
pharmaceutical compositions) thereof, are used to treat
and/or prevent inflammatory- and immune-related disorders;
thrombotic disorders, fibrotic disorders, cancer and cancer-
related disorders; and cardiovascular disorders (e.g., athero-
sclerosis). In particular embodiments, the PEG-IL.-10 mol-
ecules and compositions (e.g., pharmaceutical
compositions) thereof, are used to treat and/or prevent
cholesterol-related disorders, including hypercholester-
olemia.

Definitions

Unless otherwise indicated, the following terms are
intended to have the meaning set forth below. Other terms
are defined elsewhere throughout the specification.

The terms “patient” or “subject” are used interchangeably
to refer to a human or a non-human animal (e.g., a mammal).

The terms “administration”, “administer’” and the like, as
they apply to, for example, a subject, cell, tissue, organ, or
biological fluid, refer to contact of, for example, IL.-10 or
PEG-IL-10), a nucleic acid (e.g., a nucleic acid encoding
native human I[.-10); a pharmaceutical composition com-
prising the foregoing, or a diagnostic agent, to the subject,
cell, tissue, organ, or biological fluid. In the context of a cell,
administration includes contact (e.g., in vitro or ex vivo) of
a reagent to the cell, as well as contact of a reagent to a fluid,
where the fluid is in contact with the cell.

The terms “treat”, “treating”, treatment” and the like refer
to a course of action (such as administering PEG-IL.-10 or a
pharmaceutical composition comprising PEG-IL-10) initi-
ated after a disease, disorder or condition, or a symptom
thereof, has been diagnosed, observed, and the like so as to
eliminate, reduce, suppress, mitigate, or ameliorate, either
temporarily or permanently, at least one of the underlying
causes of a disease, disorder, or condition afflicting a subject,
or at least one of the symptoms associated with a disease,
disorder, condition afflicting a subject. Thus, treatment
includes inhibiting (e.g., arresting the development or fur-
ther development of the disease, disorder or condition or
clinical symptoms association therewith) an active disease.
The terms may also be used in other contexts, such as
situations where IL-10 or PEG-IL-10 contacts an IL-10
receptor in, for example, the fluid phase or colloidal phase.

The term “in need of treatment” as used herein refers to
a judgment made by a physician or other caregiver that a
subject requires or will benefit from treatment. This judg-
ment is made based on a variety of factors that are in the
realm of the physician’s or caregiver’s expertise.
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The terms “prevent”, “preventing”, “prevention” and the
like refer to a course of action (such as administering
PEG-IL-10 or a pharmaceutical composition comprising
PEG-IL-10) initiated in a manner (e.g., prior to the onset of
a disease, disorder, condition or symptom thereof) so as to
prevent, suppress, inhibit or reduce, either temporarily or
permanently, a subject’s risk of developing a disease, dis-
order, condition or the like (as determined by, for example,
the absence of clinical symptoms) or delaying the onset
thereof, generally in the context of a subject predisposed to
having a particular disease, disorder or condition. In certain
instances, the terms also refer to slowing the progression of
the disease, disorder or condition or inhibiting progression
thereof to a harmful or otherwise undesired state.

The term “in need of prevention” as used herein refers to
a judgment made by a physician or other caregiver that a
subject requires or will benefit from preventative care. This
judgment is made based on a variety of factors that are in the
realm of a physician’s or caregiver’s expertise.

The phrase “therapeutically effective amount” refers to
the administration of an agent to a subject, either alone or as
part of a pharmaceutical composition and either in a single
dose or as part of a series of doses, in an amount capable of
having any detectable, positive effect on any symptom,
aspect, or characteristic of a disease, disorder or condition
when administered to the subject. The therapeutically effec-
tive amount can be ascertained by measuring relevant physi-
ological effects, and it can be adjusted in connection with the
dosing regimen and diagnostic analysis of the subject’s
condition, and the like. By way of example, measurement of
the amount of inflammatory cytokines produced following
administration may be indicative of whether a therapeuti-
cally effective amount has been used.

The phrase “in a sufficient amount to effect a change”
means that there is a detectable difference between a level of
an indicator measured before (e.g., a baseline level) and after
administration of a particular therapy. Indicators include any
objective parameter (e.g., serum concentration of IL.-10) or
subjective parameter (e.g., a subject’s feeling of well-being).

The term “small molecules” refers to chemical com-
pounds having a molecular weight that is less than about 10
kDa, less than about 2 kDa, or less than about 1 kDa. Small
molecules include, but are not limited to, inorganic mol-
ecules, organic molecules, organic molecules containing an
inorganic component, molecules comprising a radioactive
atom, and synthetic molecules. Therapeutically, a small
molecule may be more permeable to cells, less susceptible
to degradation, and less likely to elicit an immune response
than large molecules.

The term “ligand” refers to, for example, peptide, poly-
peptide, membrane-associated or membrane-bound mol-
ecule, or complex thereof, that can act as an agonist or
antagonist of a receptor. “Ligand” encompasses natural and
synthetic ligands, e.g., cytokines, cytokine variants, analogs,
muteins, and binding compositions derived from antibodies.
“Ligand” also encompasses small molecules, e.g., peptide
mimetics of cytokines and peptide mimetics of antibodies.
The term also encompasses an agent that is neither an
agonist nor antagonist, but that can bind to a receptor
without significantly influencing its biological properties,
e.g., signaling or adhesion. Moreover, the term includes a
membrane-bound ligand that has been changed, e.g., by
chemical or recombinant methods, to a soluble version of the
membrane-bound ligand. A ligand or receptor may be
entirely intracellular, that is, it may reside in the cytosol,
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nucleus, or some other intracellular compartment. The com-
plex of a ligand and receptor is termed a “ligand-receptor
complex.”

The terms “inhibitors™ and “antagonists™, or “activators”
and “agonists” refer to inhibitory or activating molecules,
respectively, for example, for the activation of, e.g., a ligand,
receptor, cofactor, gene, cell, tissue, or organ. Inhibitors are
molecules that decrease, block, prevent, delay activation,
inactivate, desensitize, or down-regulate, e.g., a gene, pro-
tein, ligand, receptor, or cell. Activators are molecules that
increase, activate, facilitate, enhance activation, sensitize, or
up-regulate, e.g., a gene, protein, ligand, receptor, or cell. An
inhibitor may also be defined as a molecule that reduces,
blocks, or inactivates a constitutive activity. An “agonist” is
a molecule that interacts with a target to cause or promote an
increase in the activation of the target. An “antagonist” is a
molecule that opposes the action(s) of an agonist. An antago-
nist prevents, reduces, inhibits, or neutralizes the activity of
an agonist, and an antagonist can also prevent, inhibit, or
reduce constitutive activity of a target, e.g., a target receptor,
even where there is no identified agonist.

The terms “modulate”, “modulation” and the like refer to
the ability of a molecule (e.g., an activator or an inhibitor)
to increase or decrease the function or activity of an IL-10
molecule (or the nucleic acid molecules encoding them),
either directly or indirectly; or to enhance the ability of a
molecule to produce an effect comparable to that of an IL.-10
molecule. The term “modulator” is meant to refer broadly to
molecules that can effect the activities described above. By
way of example, a modulator of, e.g., a gene, a receptor, a
ligand, or a cell, is a molecule that alters an activity of the
gene, receptor, ligand, or cell, where activity can be acti-
vated, inhibited, or altered in its regulatory properties. A
modulator may act alone, or it may use a cofactor, e.g., a
protein, metal ion, or small molecule. The term “modulator”
includes agents that operate through the same mechanism of
action as IL-10 (i.e., agents that modulate the same signaling
pathway as IL-10 in a manner analogous thereto) and are
capable of eliciting a biological response comparable to (or
greater than) that of IL-10.

Examples of modulators include small molecule com-
pounds and other bioorganic molecules. Numerous libraries
of small molecule compounds (e.g., combinatorial libraries)
are commercially available and can serve as a starting point
for identifying a modulator. The skilled artisan is able to
develop one or more assays (e.g., biochemical or cell-based
assays) in which such compound libraries can be screened in
order to identify one or more compounds having the desired
properties; thereafter, the skilled medicinal chemist is able to
optimize such one or more compounds by, for example,
synthesizing and evaluating analogs and derivatives thereof.
Synthetic and/or molecular modeling studies can also be
utilized in the identification of an activator.

The “activity” of a molecule may describe or refer to the
binding of the molecule to a ligand or to a receptor; to
catalytic activity; to the ability to stimulate gene expression
or cell signaling, differentiation, or maturation; to antigenic
activity; to the modulation of activities of other molecules;
and the like. The term may also refer to activity in modu-
lating or maintaining cell-to-cell interactions (e.g., adhe-
sion), or activity in maintaining a structure of a cell (e.g., a
cell membrane). “Activity” can also mean specific activity,
e.g., [catalytic activity]/[mg protein], or [immunological
activity]/[mg protein], concentration in a biological com-
partment, or the like. The term “proliferative activity”
encompasses an activity that promotes, that is necessary for,
or that is specifically associated with, for example, normal
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cell division, as well as cancer, tumors, dysplasia, cell
transformation, metastasis, and angiogenesis.

As used herein, “comparable”, “comparable activity”,
“activity comparable to”, “comparable effect”, “effect com-
parable to”, and the like are relative terms that can be viewed
quantitatively and/or qualitatively. The meaning of the terms
is frequently dependent on the context in which they are
used. By way of example, two agents that both activate a
receptor can be viewed as having a comparable effect from
a qualitative perspective, but the two agents can be viewed
as lacking a comparable effect from a quantitative perspec-
tive if one agent is only able to achieve 20% of the activity
of the other agent as determined in an art-accepted assay
(e.g., a dose-response assay) or in an art-accepted animal
model. When comparing one result to another result (e.g.,
one result to a reference standard), “comparable” frequently
(though not always) means that one result deviates from a
reference standard by less than 35%, by less than 30%, by
less than 25%, by less than 20%, by less than 15%, by less
than 10%, by less than 7%, by less than 5%, by less than 4%,
by less than 3%, by less than 2%, or by less than 1%. In
particular embodiments, one result is comparable to a ref-
erence standard if it deviates by less than 15%, by less than
10%, or by less than 5% from the reference standard. By
way of example, but not limitation, the activity or effect may
refer to efficacy, stability, solubility, or immunogenicity. As
previously indicated, the skilled artisan recognizes that use
of different methodologies may result in IL-10 that is more
or less active—either in apparent activity due to differences
in calculating protein concentration or in actual activity—
than a hIL-10 reference standard. The skilled artisan will be
able to factor in these differences in determining the relative
bioactivities of an I1.-10 molecule (e.g., PEG-IL-10) versus
hIL-10.

The term “response,” for example, of a cell, tissue, organ,
or organism, encompasses a change in biochemical or physi-
ological behavior, e.g., concentration, density, adhesion, or
migration within a biological compartment, rate of gene
expression, or state of differentiation, where the change is
correlated with activation, stimulation, or treatment, or with
internal mechanisms such as genetic programming. In cer-
tain contexts, the terms “activation”, “stimulation”, and the
like refer to cell activation as regulated by internal mecha-
nisms, as well as by external or environmental factors;
whereas the terms “inhibition”, “down-regulation” and the
like refer to the opposite effects.

The terms “polypeptide,” “peptide,” and “protein”, used
interchangeably herein, refer to a polymeric form of amino
acids of any length, which can include genetically coded and
non-genetically coded amino acids, chemically or biochemi-
cally modified or derivatized amino acids, and polypeptides
having modified polypeptide backbones. The terms include
fusion proteins, including, but not limited to, fusion proteins
with a heterologous amino acid sequence, fusion proteins
with heterologous and homologous leader sequences, with
or without N-terminus methionine residues; immunologi-
cally tagged proteins; and the like.

As used herein, the terms “variants” and “homologs” are
used interchangeably to refer to amino acid or DNA
sequences that are similar to reference amino acid or nucleic
acid sequences, respectively. The term encompasses natu-
rally-occurring variants and non-naturally-occurring vari-
ants. Naturally-occurring variants include homologs (poly-
peptides and nucleic acids that differ in amino acid or
nucleotide sequence, respectively, from one species to
another), and allelic variants (polypeptides and nucleic acids
that differ in amino acid or nucleotide sequence, respec-
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tively, from one individual to another within a species).
Thus, variants and homologs encompass naturally occurring
DNA sequences and proteins encoded thereby and their
isoforms, as well as splice variants of a protein or gene. The
terms also encompass nucleic acid sequences that vary in
one or more bases from a naturally-occurring DNA sequence
but still translate into an amino acid sequence that corre-
sponds to the naturally-occurring protein due to degeneracy
of the genetic code. Non-naturally-occurring variants and
homologs include polypeptides and nucleic acids that com-
prise a change in amino acid or nucleotide sequence, respec-
tively, where the change in sequence is artificially intro-
duced (e.g., muteins); for example, the change is generated
in the laboratory by human intervention (“hand of man”).
Therefore, non-naturally occurring variants and homologs
may also refer to those that differ from the naturally-
occurring sequences by one or more conservative substitu-
tions and/or tags and/or conjugates.

The term “muteins” as used herein refers broadly to
mutated recombinant proteins. These proteins usually carry
single or multiple amino acid substitutions and are fre-
quently derived from cloned genes that have been subjected
to site-directed or random mutagenesis, or from completely
synthetic genes. Unless otherwise indicated, use of terms
such as “mutant of IL-10” refer to IL-10 muteins.

The terms “DNA”, “nucleic acid”, “nucleic acid mol-
ecule”, “polynucleotide” and the like are used interchange-
ably herein to refer to a polymeric form of nucleotides of any
length, either deoxyribonucleotides or ribonucleotides, or
analogs thereof. Non-limiting examples of polynucleotides
include linear and circular nucleic acids, messenger RNA
(mRNA), complementary DNA (¢cDNA), recombinant poly-
nucleotides, vectors, probes, primers and the like.

It should be noted that any reference to “human” in
connection with the polypeptides and nucleic acid molecules
of the present disclosure is not meant to be limiting with
respect to the manner in which the polypeptide or nucleic
acid is obtained or the source, but rather is only with
reference to the sequence as it may correspond to a sequence
of a naturally occurring human polypeptide or nucleic acid
molecule. In addition to the human polypeptides and the
nucleic acid molecules which encode them, the present
disclosure contemplates I[.-10—related polypeptides and
corresponding nucleic acid molecules from other species.

It will be appreciated that throughout this disclosure
reference is made to amino acids according to the single
letter or three letter codes. For the reader’s convenience, the
single and three letter amino acid codes are provided below:

G Glycine Gly P Proline Pro
A Alanine Ala v Valine Val
L Leucine Leu I Isoleucine Ile

M Methionine Met C Cysteine Cys
F Phenylalanine Phe Y Tyrosine Tyr
w Tryptophan Trp H Histidine His
K Lysine Lys R Arginine Arg
Q Glutamine Gln N Asparagine Asn
E Glutamic Acid Glu D Aspartic Acid Asp
S Serine Ser T Threonine Thr

As used herein in reference to native human IL-10 or an
IL-10 mutein, the terms “modified”, “modification” and the
like refer to one or more changes that enhance a desired
property of human IL.-10 or an IL.-10 mutein. Such desired
properties include, for example, prolonging the circulation
half-life, increasing the stability, reducing the clearance,
altering the immunogenicity or allergenicity, and enabling
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the raising of particular antibodies (e.g., by introduction of
unique epitopes) for use in detection assays. As discussed in
detail hereafter, modifications to human IL-10 or an IL-10
mutein that may be carried out include, but are not limited
to, pegylation (covalent attachment of one or more mol-
ecules of polyethylene glycol (PEG), or derivatives thereof);
glycosylation (e.g., N-glycosylation), polysialylation and
hesylation; albumin fusion; albumin binding through, for
example, a conjugated fatty acid chain (acylation); Fc-
fusion; and fusion with a PEG mimetic.

As used herein in the context of the structure of a
polypeptide, “N-terminus” (or “amino terminus”) and
“C-terminus” (or “carboxyl terminus”) refer to the extreme
amino and carboxyl ends of the polypeptide, respectively,
while the terms “N-terminal” and “C-terminal” refer to
relative positions in the amino acid sequence of the poly-
peptide toward the N-terminus and the C-terminus, respec-
tively, and can include the residues at the N-terminus and
C-terminus, respectively. “Immediately N-terminal” or
“immediately C-terminal” refers to a position of a first
amino acid residue relative to a second amino acid residue
where the first and second amino acid residues are cova-
lently bound to provide a contiguous amino acid sequence.

“Derived from”, in the context of an amino acid sequence
or polynucleotide sequence (e.g., an amino acid sequence
“derived from” an IL-10 polypeptide), is meant to indicate
that the polypeptide or nucleic acid has a sequence that is
based on that of a reference polypeptide or nucleic acid (e.g.,
a naturally occurring IL.-10 polypeptide or an IL-10-encod-
ing nucleic acid), and is not meant to be limiting as to the
source or method in which the protein or nucleic acid is
made. By way of example, the term “derived from” includes
homologs or variants of reference amino acid or DNA
sequences.

In the context of a polypeptide, the term “isolated” refers
to a polypeptide of interest that, if naturally occurring, is in
an environment different from that in which it may naturally
occur. “Isolated” is meant to include polypeptides that are
within samples that are substantially enriched for the poly-
peptide of interest and/or in which the polypeptide of
interest is partially or substantially purified. Where the
polypeptide is not naturally occurring, “isolated” indicates
that the polypeptide has been separated from an environment
in which it was made by either synthetic or recombinant
methods.

“Enriched” means that a sample is non-naturally manipu-
lated (e.g., by a scientist) so that a polypeptide of interest is
present in a) a greater concentration (e.g., at least 3-fold
greater, at least 4-fold greater, at least 8-fold greater, at least
64-fold greater, or more) than the concentration of the
polypeptide in the starting sample, such as a biological
sample (e.g., a sample in which the polypeptide naturally
occurs or in which it is present after administration), or b) a
concentration greater than the environment in which the
polypeptide was made (e.g., as in a bacterial cell).

“Substantially pure” indicates that a component (e.g., a
polypeptide) makes up greater than about 50% of the total
content of the composition, and typically greater than about
60% of the total polypeptide content. More typically, “sub-
stantially pure” refers to compositions in which at least 75%,
at least 85%, at least 90% or more of the total composition
is the component of interest. In some cases, the polypeptide
will make upgreater than about 90%, or greater than about
95% of the total content of the composition.

The terms “specifically binds” or “selectively binds”,
when referring to a ligand/receptor, antibody/antigen, or
other binding pair, indicates a binding reaction which is
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determinative of the presence of the protein in a heteroge-
neous population of proteins and other biologics. Thus,
under designated conditions, a specified ligand binds to a
particular receptor and does not bind in a significant amount
to other proteins present in the sample. The antibody, or
binding composition derived from the antigen-binding site
of an antibody, of the contemplated method binds to its
antigen, or a variant or mutein thereof, with an affinity that
is at least two-fold greater, at least ten times greater, at least
20-times greater, or at least 100-times greater than the
affinity with any other antibody, or binding composition
derived therefrom. In a particular embodiment, the antibody
will have an affinity that is greater than about 10° liters/mol,
as determined by, e.g., Scatchard analysis (Munsen, et al.
1980 Analyt. Biochem. 107:220-239).

The terms “post-translational modification” and “PTM”
refer to steps in protein biosynthesis whereby the polypep-
tides resulting from ribosomal translation undergo modifi-
cations (e.g., folding and cleavage) before becoming the
mature protein product. After translation, PTM of amino
acids generally extends the range of functions of the protein
by attaching it to other biochemical functional groups (e.g.,
acetate, phosphate, and various lipids and carbohydrates),
thereby changing the chemical nature of the amino acids or
making structural changes thereto (e.g., formation of disul-
fide bonds). Modifications such as phosphorylation are
involved in controlling the behavior of a protein, including
the activation or inactivation of an enzyme. Additional
examples of PTMs pertain to enzymatic cleavage of the
protein (e.g., removal of a propeptide) or cleavage of the
methionine residue with which most nascent polypeptides
begin. PTMs are frequently detected by mass spectrometry.

As used herein, the term “lot release” generally refers to
the biologic-specific standard(s) that must be present before
a biologic agent may be administered to a subject, and the
term “lot release assay” generally refers to a bioassay which,
for example, a regulatory authority has concluded accurately
and reproducibly indicates whether the biologic-specific
standard(s) have been met. The degree of regulatory over-
sight to which a biologic is subjected during lot release is
associated with its indication and risk/benefit assessment,
and considerations include the following: age of the target
subject population; disease state being treated (e.g., life
threatening, acute, or chronic); anticipated duration of treat-
ment; general health status of the subject population; objec-
tive of therapy (e.g., treatment, prevention or diagnosis); and
the size of the subject population.

IL-10 and Pegylated IL-10

The anti-inflammatory cytokine IL-10, also known as
human cytokine synthesis inhibitory factor (CSIF), is clas-
sified as a type(class)-2 cytokine, a set of cytokines that
includes IL-19, 1L-20, IL-22, 1L.-24 (Mda-7), and IL-26,
interferons (IFN-a,, -p, -y, -9, -€, -k, -, and -t) and
interferon-like molecules (limitin, IL.-28A, IL-28B, and
1L-29).

IL-10 is a cytokine with pleiotropic effects in immuno-
regulation and inflammation. It is produced by mast cells,
counteracting the inflammatory effect that these cells have at
the site of an allergic reaction. While it is capable of
inhibiting the synthesis of pro-inflammatory cytokines such
as IFN-y, IL-2, IL-3, TNFa and GM-CSF, IL-10 is also
stimulatory towards certain T cells and mast cells and
stimulates B-cell maturation, proliferation and antibody
production. 11.-10 can block NF-kB activity and is involved
in the regulation of the JAK-STAT signaling pathway. It also
induces the cytotoxic activity of CD8+ T-cells and the
antibody production of B-cells, and it suppresses macro-
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phage activity and tumor-promoting inflammation. The
regulation of CD8+ T-cells is dose-dependent, wherein
higher doses induce stronger cytotoxic responses.

Human IL-10 is a homodimer with a molecular mass of 37
kDa, wherein each 18.5 kDa monomer comprises 178 amino
acids, the first 18 of which comprise a signal peptide, and
two pairs of cysteine residues that form two intramolecular
disulfide bonds. Each monomer of mature hI[.-10 comprises
160 amino acid residues. The 1L.-10 dimer becomes biologi-
cally inactive upon disruption of the non-covalent interac-
tions between the two monomer subunits. FIG. 1A depicts
the complete 178 amino acid human I[.-10 sequence (the 18
amino acid signal peptide is underlined), and FIG. 1B
depicts the 160 amino acid mature human IL.-10 sequence.

The present disclosure contemplates human I[.-10 and
murine IL-10, which exhibit 80% homology, and use
thereof. In addition, the scope of the present disclosure
includes I1.-10 orthologs, and modified forms thereof, from

other mammalian species, including rat (accession
NP_036986.2; GI  148747382); cow  (accession
NP_776513.1; GI  41386772); sheep (accession
NP_001009327.1; GI 57164347); dog (accession
ABY86619.1; GI 166244598); and rabbit (accession

AAC23839.1; GI 3242896).

Crystallographic data from a number of sources, includ-
ing data obtained from the crystal structure of IL-10
(Zdanov, A. et al, (1995) Structure (Lond) 3:591-601 and
Walter, M. and Nagabhushan, T., (1995) Biochemistry (38):
12118-25); and a model of the crystal structure of hiL.-10
with its soluble receptor (Zdanov, A. et al., (1996) Protein
Sci. (10):1955-62) have been published. Each 160 amino
acid monomer of mature human IL.-10 (hIL-10) comprises
six helices linked by short loops. FIG. 3A depicts a protein
crystal structure ribbon representation of the hI[.-10 mono-
mer, wherein its six helices are labeled A-F, and FIG. 3B
depicts a protein crystal structure ribbon representation of
the hIL-10 homodimer, wherein the six helices of each
monomer are labeled A-F.

The IL-10 receptor, a type Il cytokine receptor, comprises
alpha and beta subunits, which are also referred to as R1 and
R2, respectively. While the mechanics of IL.-10 receptor
binding have not been thoroughly elucidated, it has been
shown that IL.-10 signaling requires contributions from both
IL-10R1 and IL-10R2. This may occur through one IL.-10
homodimer independently binding both IL-10R1 and
IL-10R2 combined with some type of clustering event, or by
one 1[.-10 homodimer forming a single complex with both
IL-10R1 and IL-10R2. The crystal structure of the IL.-10/
IL-10R1 complex has been published (Josephson, K. et al.,
(2001) Immunity (1):35-46), and FIG. 3C depicts a protein
crystal structure ribbon representation of the human IL.10
homodimer (gray) bound to two human IL.10R 1/a receptors
(black).

Also encompassed herein are other 1L-10 molecules,
including IL-10 fragments; polypeptides based on IL-10
monomers; molecules that comprise an I1.-10 monomer
complexed with a heterologous protein; and I[.-10 fusion
proteins that comprise I1L-10 fused, at the nucleic acid level,
to one or more therapeutic agents (e.g., an anti-inflammatory
biologic). Such molecules may be modified using the
approaches described herein or any other approach known to
the skilled artisan.

As used herein, the term “pegylated 1L.-10” refers to an
IL-10 molecule having one or more polyethylene glycol
molecules covalently attached to at least one amino acid
residue of the 1L.-10 protein, generally via a linker, such that
the attachment is stable. The term “monopegylated 1L.-10”
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indicates that one polyethylene glycol molecule is cova-
lently attached to a single amino acid residue on one subunit
of'the IL.-10 dimer, generally via a linker. In certain embodi-
ments, the pegylated IL.-10 used in the present disclosure is
a mono-pegylated IL-10 in which one to nine PEG mol-
ecules are covalently attached via a linker to the alpha amino
group of the amino acid residue at the N-terminus of one
subunit of the I1.-10 dimer. Monopegylation on one 1L-10
subunit generally results in a non-homogeneous mixture of
non-pegylated, monopegylated and dipegylated IL.-10 due to
subunit shuffling. Moreover, allowing a pegylation reaction
to proceed to completion will generally result in non-specific
and multi-pegylated IL.-10, thus reducing its bioactivity.
Some embodiments of the present disclosure comprise the
administration of a mixture of mono- and di-pegylated IL-10
produced by the methods described herein.

In particular embodiments, the average molecular weight
of the PEG moiety is between about 5 kDa and about 50
kDa. For example, the PEG moiety may have a molecular
mass greater than about 5 kDa, greater than about 10 kDa,
greater than about 15 kDa, greater than about 20 kDa,
greater than about 30 kDa, greater than about 40 kDa, or
greater than about 50 kDa. In some embodiments, the
molecular mass is from about 5 kDa to about 10 kDa, from
about 5 kDa to about 15 kDa, from about 5 kDa to about 20
kDa, from about 10 kDa to about 15 kDa, from about 10 kDa
to about 20 kDa, from about 10 kDa to about 25 kDa or from
about 10 kDa to about 30 kDa. Although the present
disclosure does not require use of a specific method or site
of PEG attachment to IL-10, it is frequently advantageous
that pegylation does not alter, or only minimally alters, the
activity of the IL-10 molecule. In certain embodiments, the
increase in half-life achieved by pegylation is greater than
any decrease in biological activity. In particular embodi-
ments, lot release and PEG-IL-10 biological activity are
measured using an MC/9 Cell Proliferation Assay, an
example of which is set forth in the Experimental section. In
some embodiments, the biological activity of PEG-IL-10 is
measured by assessing the levels of inflammatory cytokines
(e.g., TNF-a or IFN-y) in the serum of subjects challenged
with a bacterial antigen (lipopolysaccharide (LPS)) and
treated with PEG-IL-10, as described in U.S. Pat. No.
7,052,686. Additional aspects of pegylation are described
further hereafter.

The phrase “conservative amino acid substitution” refers
to substitutions that preserve the activity of the protein by
replacing an amino acid(s) in the protein with an amino acid
with a side chain of similar acidity, basicity, charge, polarity,
or size of the side chain. Conservative amino acid substitu-
tions generally entail substitution of amino acid residues
within the following groups: 1) L, L M, V, F; 2) R, K; 3) F,
Y, H,W,R; 4) G, A, T, S; 5) Q, N; and 6) D, E. Guidance
for substitutions, insertions, or deletions may be based on
alignments of amino acid sequences of different variant
proteins or proteins from different species. Thus, in addition
to any naturally-occurring I[.-10 polypeptide, the present
disclosure contemplates having 1, 2,3, 4,5, 6,7, 8,9, or 10
usually no more than 20, 10, or 5 amino acid substitutions,
where the substitution is usually a conservative amino acid
substitution. If should be noted that one or more unnatural
amino acids may be introduced into IL-10 as a way of
fostering site-specific conjugation.

The present disclosure also contemplates active fragments
(e.g., subsequences) of mature 1L.-10 containing contiguous
amino acid residues derived from the mature IL-10. The
length of contiguous amino acid residues of a peptide or a
polypeptide subsequence varies depending on the specific
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naturally-occurring amino acid sequence from which the
subsequence is derived. In general, peptides and polypep-
tides may be from about 20 amino acids to about 40 amino
acids, from about 40 amino acids to about 60 amino acids,
from about 60 amino acids to about 80 amino acids, from
about 80 amino acids to about 100 amino acids, from about
100 amino acids to about 120 amino acids, from about 120
amino acids to about 140 amino acids, from about 140
amino acids to about 150 amino acids, from about 150
amino acids to about 155 amino acids, from about 155
amino acids up to the full-length peptide or polypeptide.

Additionally, IL-10 polypeptides can have a defined
sequence identity compared to a reference sequence over a
defined length of contiguous amino acids (e.g., a “compari-
son window”). Methods of alignment of sequences for
comparison are well-known in the art. Optimal alignment of
sequences for comparison can be conducted, e.g., by the
local homology algorithm of Smith & Waterman, Adv. Appl.
Math. 2:482 (1981), by the homology alignment algorithm
of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by
the search for similarity method of Pearson & Lipman, Proc.
Nat’l. Acad. Sci. USA 85:2444 (1988), by computerized
implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Madison, Wis.), or by manual alignment and visual
inspection (see, e.g., Current Protocols in Molecular Biology
(Ausubel et al., eds. 1995 supplement)).

As an example, a suitable I1.-10 polypeptide can comprise
an amino acid sequence having at least about 75%, at least
about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 98%, or at least about 99%, amino
acid sequence identity to a contiguous stretch of from about
20 amino acids to about 40 amino acids, from about 40
amino acids to about 60 amino acids, from about 60 amino
acids to about 80 amino acids, from about 80 amino acids to
about 100 amino acids, from about 100 amino acids to about
120 amino acids, from about 120 amino acids to about 140
amino acids, from about 140 amino acids to about 150
amino acids, from about 150 amino acids to about 155
amino acids, from about 155 amino acids up to the full-
length peptide or polypeptide.

As discussed further below, the IL-10 polypeptides may
be isolated from a natural source (e.g., an environment other
than its naturally-occurring environment) and may also be
recombinantly made (e.g., in a genetically modified host cell
such as bacteria, yeast, Pichia, insect cells, and the like),
where the genetically modified host cell is modified with a
nucleic acid comprising a nucleotide sequence encoding the
polypeptide. The 1L.-10 polypeptides may also be syntheti-
cally produced (e.g., by cell-free chemical synthesis).

Nucleic acid molecules encoding the I1L.-10 molecules are
contemplated by the present disclosure, including their
naturally-occurring and non-naturally occurring isoforms,
allelic variants and splice variants. The present disclosure
also encompasses nucleic acid sequences that vary in one or
more bases from a naturally-occurring DNA sequence but
still translate into an amino acid sequence that corresponds
to an IL-10 polypeptide due to degeneracy of the genetic
code.

Methods of Production of IL-10

A polypeptide of the present disclosure can be produced
by any suitable method, including non-recombinant (e.g.,
chemical synthesis) and recombinant methods.

A. Chemical Synthesis

Where a polypeptide is chemically synthesized, the syn-
thesis may proceed via liquid-phase or solid-phase. Solid-
phase peptide synthesis (SPPS) allows the incorporation of
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unnatural amino acids and/or peptide/protein backbone
modification. Various forms of SPPS, such as 9-fluorenyl-
methoxycarbonyl (Fmoc) and t-butyloxycarbonyl (Boc), are
available for synthesizing polypeptides of the present dis-
closure. Details of the chemical syntheses are known in the
art (e.g., Ganesan A. (2006) Mini Rev. Med. Chem. 6:3-10;
and Camarero J. A. et al., (2005) Protein Pept Lett. 12:723-
8).

B. Recombinant Production

Methods describing the preparation of human (and
mouse) IL-10 can be found in, for example, U.S. Pat. No.
5,231,012, which teaches methods for the production of
proteins having I[.-10 activity, including recombinant and
other synthetic techniques. IL-10 can be of viral origin, and
the cloning and expression of a viral IL-10 from Epstein
Barr virus (BCRF1 protein) is disclosed in Moore et al.,
(1990) Science 248:1230. IL-10 can be obtained in a number
of ways using standard techniques known in the art, such as
those described herein. Recombinant human IL-10 is also
commercially available, e.g., from PeproTech, Inc., Rocky
Hill, N.I.

Site-specific mutagenesis (also referred to as site-directed
mutagenesis and oligonucleotide-directed mutagenesis) can
be used to generate specific mutations in DNA to produce
rationally-designed proteins of the present disclosure (e.g.,
particular I1.-10 muteins and other modified versions of
1L-10, including domains thereof) having improved or desir-
able properties. Techniques for site-specific mutagenesis are
well known in the art. Early site-specific mutagenesis meth-
ods (e.g., Kunkel’s method; cassette mutagenesis; PCR
site-directed mutagenesis; and whole plasmid mutagenesis,
including SPRINP) have been replaced by more precise and
efficient methods, such as various in vivo methods that
include Delitto perfetto (see Storici F. and Resnick M A,
(2006) Methods in Enzymology 409:329-45); transplace-
ment “pop-in pop-out”; direct gene deletion and site-specific
mutagenesis with PCR and one recyclable marker; direct
gene deletion and site-specific mutagenesis with PCR and
one recyclable marker using long homologous regions; and
in vivo site-directed mutagenesis with synthetic oligonucle-
otides (and see, e.g., In Vitro Mutagenesis Protocols (Meth-
ods in Molecular Biology), 2nd Ed. ISBN 978-
0896039100). In addition, tools for effecting site-specific
mutagenesis are commercially available (e.g., Stratagene
Corp., La Jolla, Calif.).

Where a polypeptide is produced using recombinant tech-
niques, the polypeptide may be produced as an intracellular
protein or as a secreted protein, using any suitable construct
and any suitable host cell, which can be a prokaryotic or
eukaryotic cell, such as a bacterial (e.g., E. coli) or a yeast
host cell, respectively. Other examples of eukaryotic cells
that may be used as host cells include insect cells, mamma-
lian cells, and/or plant cells. Where mammalian host cells
are used, they may include human cells (e.g., HelLa, 293, H9
and Jurkat cells); mouse cells (e.g., NIH3T3, L cells, and
C127 cells); primate cells (e.g., Cos 1, Cos 7 and CV1); and
hamster cells (e.g., Chinese hamster ovary (CHO) cells).

A variety of host-vector systems suitable for the expres-
sion of a polypeptide may be employed according to stan-
dard procedures known in the art. See, e.g., Sambrook et al.,
1989 Current Protocols in Molecular Biology Cold Spring
Harbor Press, New York; and Ausubel et al. 1995 Current
Protocols in Molecular Biology, Eds. Wiley and Sons.
Methods for introduction of genetic material into host cells
include, for example, transformation, electroporation, con-
jugation, calcium phosphate methods and the like. The
method for transfer can be selected so as to provide for
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stable expression of the introduced polypeptide-encoding
nucleic acid. The polypeptide-encoding nucleic acid can be
provided as an inheritable episomal element (e.g., a plasmid)
or can be genomically integrated. A variety of appropriate
vectors for use in production of a polypeptide of interest are
commercially available.

Vectors can provide for extrachromosomal maintenance
in a host cell or can provide for integration into the host cell
genome. The expression vector provides transcriptional and
translational regulatory sequences, and may provide for
inducible or constitutive expression where the coding region
is operably-linked under the transcriptional control of the
transcriptional initiation region, and a transcriptional and
translational termination region. In general, the transcrip-
tional and translational regulatory sequences may include,
but are not limited to, promoter sequences, ribosomal bind-
ing sites, transcriptional start and stop sequences, transla-
tional start and stop sequences, and enhancer or activator
sequences. Promoters can be either constitutive or inducible,
and can be a strong constitutive promoter (e.g., T7).

Expression constructs generally have convenient restric-
tion sites located near the promoter sequence to provide for
the insertion of nucleic acid sequences encoding proteins of
interest. A selectable marker operative in the expression host
may be present to facilitate selection of cells containing the
vector. Moreover, the expression construct may include
additional elements. For example, the expression vector may
have one or two replication systems, thus allowing it to be
maintained in organisms, for example, in mammalian or
insect cells for expression and in a prokaryotic host for
cloning and amplification. In addition, the expression con-
struct may contain a selectable marker gene to allow the
selection of transformed host cells. Selectable genes are well
known in the art and will vary with the host cell used.

Isolation and purification of a protein can be accom-
plished according to methods known in the art. For example,
a protein can be isolated from a lysate of cells genetically
modified to express the protein constitutively and/or upon
induction, or from a synthetic reaction mixture by immu-
noaffinity purification, which generally involves contacting
the sample with an anti-protein antibody, washing to remove
non-specifically bound material, and eluting the specifically
bound protein. The isolated protein can be further purified
by dialysis and other methods normally employed in protein
purification. In one embodiment, the protein may be isolated
using metal chelate chromatography methods. Proteins may
contain modifications to facilitate isolation.

The polypeptides may be prepared in substantially pure or
isolated form (e.g., free from other polypeptides). The
polypeptides can be present in a composition that is enriched
for the polypeptide relative to other components that may be
present (e.g., other polypeptides or other host cell compo-
nents). For example, purified polypeptide may be provided
such that the polypeptide is present in a composition that is
substantially free of other expressed proteins, e.g., less than
about 90%, less than about 60%, less than about 50%, less
than about 40%, less than about 30%, less than about 20%,
less than about 10%, less than about 5%, or less than about
1%.

An IL-10 polypeptide may be generated using recombi-
nant techniques to manipulate different I[-10—related
nucleic acids known in the art to provide constructs capable
of encoding the IL.-10 polypeptide. It will be appreciated
that, when provided a particular amino acid sequence, the
ordinary skilled artisan will recognize a variety of different
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nucleic acid molecules encoding such amino acid sequence
in view of her background and experience in, for example,
molecular biology.

Modifications of IL-10

A. Amide Bond Substitutions

In some cases, IL-10 includes one or more linkages other
than peptide bonds, e.g., at least two adjacent amino acids
are joined via a linkage other than an amide bond. For
example, in order to reduce or eliminate undesired proteoly-
sis or other sources of degradation, and/or to increase serum
stability, and/or to restrict or increase conformational flex-
ibility, one or more amide bonds within the backbone of
IL-10 can be substituted.

In another example, one or more amide linkages (—CO—
NH—) in IL.-10 can be replaced with a linkage which is an
isostere of an amide linkage, such as —CH,NH—,
—CH,S—, —CH,CH,—, —CH—CH-—(cis and trans),
—COCH,—, —CH(OH)CH,— or —CH,SO—. One or
more amide linkages in IL-10 can also be replaced by, for
example, a reduced isostere pseudopeptide bond. See
Couder et al. (1993) Int. J. Peptide Protein Res. 41:181-184.
Such replacements and how to effect them are known to
those of ordinary skill in the art.

B. Amino Acid Substitutions

One or more amino acid substitutions can be made in an
IL-10 polypeptide. The following are non-limiting
examples:

a) substitution of alkyl-substituted hydrophobic amino
acids, including alanine, leucine, isoleucine, valine, norleu-
cine, (S)-2-aminobutyric acid, (S)-cyclohexylalanine or
other simple alpha-amino acids substituted by an aliphatic
side chain from C,-C,, carbons including branched, cyclic
and straight chain alkyl, alkenyl or alkynyl substitutions;

b) substitution of aromatic-substituted hydrophobic
amino acids, including phenylalanine, tryptophan, tyrosine,
sulfotyrosine, biphenylalanine, 1-naphthylalanine, 2-naph-
thylalanine, 2-benzothienylalanine, 3-benzothienylalanine,
histidine, including amino, alkylamino, dialkylamino, aza,
halogenated (fluoro, chloro, bromo, or iodo) or alkoxy (from
C,-C,)-substituted forms of the above-listed aromatic amino
acids, illustrative examples of which are: 2-, 3- or 4-amino-
phenylalanine, 2-, 3- or 4-chlorophenylalanine, 2-, 3- or
4-methylphenylalanine, 2-, 3- or 4-methoxyphenylalanine,
S-amino-, S-chloro-, 5-methyl- or 5-methoxytryptophan, 2'-,
3'-, or 4'-amino-, 2'-, 3'-, or 4'-chloro-, 2, 3, or 4-biphenyl-
alanine, 2'-, 3'-, or 4'-methyl-, 2-, 3- or 4-biphenylalanine,
and 2- or 3-pyridylalanine;

c) substitution of amino acids containing basic side
chains, including arginine, lysine, histidine, ornithine, 2,3-
diaminopropionic acid, homoarginine, including alkyl, alk-
enyl, or aryl-substituted (from C,-C,, branched, linear, or
cyclic) derivatives of the previous amino acids, whether the
substituent is on the heteroatoms (such as the alpha nitrogen,
or the distal nitrogen or nitrogens, or on the alpha carbon, in
the pro-R position for example. Compounds that serve as
illustrative examples include: N-epsilon-isopropyl-lysine,
3-(4-tetrahydropyridyl)-glycine,  3-(4-tetrahydropyridyl)-
alanine, = N,N-gamma, gamma'-diethyl-homoarginine.
Included also are compounds such as alpha-methyl-arginine,
alpha-methyl-2,3-diaminopropionic acid, alpha-methyl-his-
tidine, alpha-methyl-ornithine where the alkyl group occu-
pies the pro-R position of the alpha-carbon. Also included
are the amides formed from alkyl, aromatic, heteroaromatic
(where the heteroaromatic group has one or more nitrogens,
oxygens or sulfur atoms singly or in combination), carbox-
ylic acids or any of the many well-known activated deriva-
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tives such as acid chlorides, active esters, active azolides and
related derivatives, and lysine, ornithine, or 2,3-diamino-
propionic acid;

d) substitution of acidic amino acids, including aspartic
acid, glutamic acid, homoglutamic acid, tyrosine, alkyl, aryl,
arylalkyl, and heteroaryl sulfonamides of 2,4-diaminoprio-
pionic acid, ornithine or lysine and tetrazole-substituted
alkyl amino acids;

e) substitution of side chain amide residues, including
asparagine, glutamine, and alkyl or aromatic substituted
derivatives of asparagine or glutamine; and

f) substitution of hydroxyl-containing amino acids,
including serine, threonine, homoserine, 2,3-diaminopropi-
onic acid, and alkyl or aromatic substituted derivatives of
serine or threonine.

In some cases, 1[.-10 comprises one or more naturally
occurring non-genetically encoded L-amino acids, synthetic
L-amino acids, or D-enantiomers of an amino acid. In some
embodiments, IL.-10 comprises only D-amino acids. For
example, an I[.-10 polypeptide can comprise one or more of
the following residues: hydroxyproline, -alanine, o-amin-
obenzoic acid, m-aminobenzoic acid, p-aminobenzoic acid,
m-aminomethylbenzoic acid, 2,3-diaminopropionic acid,
a-aminoisobutyric acid, N-methylglycine (sarcosine), orni-
thine, citrulline, t-butylalanine, t-butylglycine, N-methyliso-
leucine, phenylglycine, cyclohexylalanine, norleucine,
naphthylalanine, pyridylalanine 3-benzothienyl alanine,
4-chlorophenylalanine, 2-fluorophenylalanine, 3-fluorophe-
nylalanine, 4-fluorophenylalanine, penicillamine, 1,2,3.4-
tetrahydroisoquinoline-3-carboxylic acid, f-2-thienylala-
nine, methionine sulfoxide, homoarginine, N-acetyl lysine,
2,4-diamino butyric acid, rho-aminophenylalanine, N-meth-
ylvaline, homocysteine, homoserine, e-amino hexanoic acid,
w-aminohexanoic acid, w-aminoheptanoic acid, w-aminooc-
tanoic acid, w-aminodecanoic acid, w-aminotetradecanoic
acid, cyclohexylalanine, c,y-diaminobutyric acid, a,p-di-
aminopropionic acid, §-amino valeric acid, and 2,3-diamin-
obutyric acid.

C. Additional Modifications of IL-10

A cysteine residue or a cysteine analog can be introduced
into an IL.-10 polypeptide to provide for linkage to another
peptide via a disulfide linkage or to provide for cyclization
of the IL-10 polypeptide. Methods of introducing a cysteine
or cysteine analog are known in the art (see, e.g., U.S. Pat.
No. 8,067,532).

An IL-10 polypeptide can be cyclized. One or more
cysteines or cysteine analogs can be introduced into an
1L-10 polypeptide, where the introduced cysteine or cysteine
analog can form a disulfide bond with a second introduced
cysteine or cysteine analog. Other methods of cyclization
include introduction of an oxime linker or a lanthionine
linker; see, e.g., U.S. Pat. No. 8,044,175. Any combination
of amino acids (or non-amino acid moieties) that can form
a cyclizing bond can be used and/or introduced. A cyclizing
bond can be generated with any combination of amino acids
(or with an amino acid and —(CH2),,-CO— or —(CH2), -
CH,—CO—) with functional groups which allow for the
introduction of a bridge. Some examples are disulfides,
disulfide mimetics such as the —(CH2),- carba bridge,
thioacetal, thioether bridges (cystathionine or lanthionine)
and bridges containing esters and ethers. In these examples,
n can be any integer, but is frequently less than ten.

Other modifications include, for example, an N-alkyl (or
aryl) substitution ([CONRY]), or backbone crosslinking to
construct lactams and other cyclic structures. Other deriva-
tives include C-terminal hydroxymethyl derivatives,
o-modified derivatives (e.g., C-terminal hydroxymethyl
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benzyl ether), N-terminally modified derivatives including
substituted amides such as alkylamides and hydrazides.

In some cases, one or more L-amino acids in an IL-10
polypeptide is replaced with one or more D-amino acids.

In some cases, an IL-10 polypeptide is a retroinverso
analog (see, e.g., Sela and Zisman (1997) FASEB J. 11:449).
Retro-inverso peptide analogs are isomers of linear poly-
peptides in which the direction of the amino acid sequence
is reversed (retro) and the chirality, D- or L-, of one or more
amino acids therein is inverted (inverso), e.g., using
D-amino acids rather than [.-amino acids. [See, e.g., Jame-
son et al. (1994) Nature 368:744; and Brady et al. (1994)
Nature 368:692].

An IL-10 polypeptide can include a “Protein Transduction
Domain” (PTD), which refers to a polypeptide, polynucle-
otide, carbohydrate, or organic or inorganic molecule that
facilitates traversing a lipid bilayer, micelle, cell membrane,
organelle membrane, or vesicle membrane. A PTD attached
to another molecule facilitates the molecule traversing a
membrane, for example going from extracellular space to
intracellular space, or cytosol to within an organelle. In some
embodiments, a PTD is covalently linked to the amino
terminus of an I[.-10 polypeptide, while in other embodi-
ments, a PTD is covalently linked to the carboxyl terminus
of an IL-10 polypeptide. Exemplary protein transduction
domains include, but are not limited to, a minimal undeca-
peptide protein transduction domain (corresponding to resi-
dues 47-57 of HIV-1 TAT comprising YGRKKRRQRRR;
SEQ ID NO:4); a polyarginine sequence comprising a
number of arginine residues sufficient to direct entry into a
cell (e.g., 3,4,5,6,7,8,9, 10, or 10-50 arginines); a VP22
domain (Zender et al. (2002) Cancer Gene Ther. 9(6):489-
96); a Drosophila Antennapedia protein transduction
domain (Noguchi et al. (2003) Diabetes 52(7):1732-1737);
a truncated human calcitonin peptide (Trehin et al. (2004)
Pharm. Research 21:1248-1256); polylysine (Wender et al.
(2000) Proc. Natl. Acad. Sci. USA 97:13003-13008);
RRQRRTSKLMKR (SEQ ID NO:5); Transportan GWTLN-
SAGYLLGKINLKALAALAKKIL (SEQ ID NO:6);
KALAWEAKLAKALAKALAKHLAKALAKALKCEA
(SEQ ID NO:7); and RQIKIWFQNRRMKWKK (SEQ ID
NO:8). Exemplary PTDs include, but are not limited to,
YGRKKRRQRRR (SEQ ID NO:4), RKKRRQRRR (SEQ
ID NO:9); an arginine homopolymer of from 3 arginine
residues to 50 arginine residues; exemplary PTD domain
amino acid sequences include, but are not limited to, any of
the following:g YGRKKRRQRRR (SEQ ID NO:4);
RKKRRQRR (SEQ ID NO:10); YARAAARQARA (SEQ
ID NO:11); THRLPRRRRRR (SEQ ID NO:12); and GGR-
RARRRRRR (SEQ ID NO:13).

The carboxyl group COR; of the amino acid at the
C-terminal end of an IL-10 polypeptide can be present in a
free form (R;—OH) or in the form of a physiologically-
tolerated alkaline or alkaline earth salt such as, e.g., a
sodium, potassium or calcium salt. The carboxyl group can
also be esterified with primary, secondary or tertiary alco-
hols such as, e.g., methanol, branched or unbranched C,-C-
alkyl alcohols, e.g., ethyl alcohol or tert-butanol. The car-
boxyl group can also be amidated with primary or secondary
amines such as ammonia, branched or unbranched C,-Cg-
alkylamines or C,-C, di-alkylamines, e.g., methylamine or
dimethylamine.

The amino group of the amino acid NR R, at the N-ter-
minus of an IL-10 polypeptide can be present in a free form
(R,—H and R,—H) or in the form of a physiologically-
tolerated salt such as, e.g., a chloride or acetate. The amino
group can also be acetylated with acids such that R,—H and
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R,=acetyl, trifluoroacetyl, or adamantyl. The amino group
can be present in a form protected by amino-protecting
groups conventionally used in peptide chemistry, such as
those provided above (e.g., Fmoc, Benzyloxy-carbonyl (),
Boc, and Alloc). The amino group can be N-alkylated in
which R, and/or R,—C,-C; alkyl or C,-Cg alkenyl or C,-C,
aralkyl. Alkyl residues can be straight-chained, branched or
cyclic (e.g., ethyl, isopropyl and cyclohexyl, respectively).

D. Pegylation and Other Modifications to Enhance and/or
Mimic IL-10 Function

It is frequently beneficial, and sometimes imperative, to
improve one of more physical properties of the treatment
modalities disclosed herein (e.g., IL-10 molecules) and/or
the manner in which they are administered. Improvements
of physical properties include, for example, modulating
immunogenicity; methods of increasing solubility, bioavail-
ability, plasma half-life; and modulating biological activity.
Certain modifications may also be useful to, for example,
raise of antibodies for use in detection assays (e.g., epitope
tags) and to provide for ease of protein purification. Such
improvements must generally be imparted without adversely
impacting the bioactivity of the treatment modality and/or
increasing its immunogenicity. Modifications of the IL.-10
molecules contemplated by the present disclosure include,
but are not limited to, pegylation, glycosylation (N— and
O-linked); polysialylation; albumin fusion molecules com-
prising serum albumin (e.g., human serum albumin (HSA),
cyno serum albumin, or bovine serum albumin (BSA));
albumin binding through, for example a conjugated fatty
acid chain (acylation); and Fc-fusion proteins.

In particular embodiments, the I1.-10 molecules are modi-
fied by conjugating or linking a polypeptide sequence to any
of a variety of nonproteinaceous polymers, e.g., polyethyl-
ene glycol (PEG), polypropylene glycol, or polyoxyalky-
lenes. This is frequently effected by a linking moiety cova-
lently bound to both the protein and the nonproteinaceous
polymer, e.g., a PEG. Such PEG-conjugated biomolecules
have been shown to possess clinically useful properties,
including better physical and thermal stability; protection
against susceptibility to enzymatic degradation; increased
solubility; longer plasma half-life and decreased clearance;
reduced immunogenicity and antigenicity; and reduced tox-
icity.

In addition to the beneficial effects of pegylation on
pharmacokinetic parameters, pegylation itself may enhance
activity. For example, pegylated IL.-10 has been shown to be
more efficacious against certain cancers than unpegylated
IL-10 (see, e.g., EP 206636A2).

The therapeutic value of pegylation molecules is well
validated. Previous and/or current pharmaceutical products
include: OMONTYS (Affymax/Takeda); PEGLOTICASE
(Savient); CIMZIA (Nektar/UCB Pharma); MACUGEN
(Prizer); NEULASTA (Amgen); SOMAVERT (Prizer);
PEGASYS (Roche); DOXIL (Ortho Biotech) and PEGIN-
TRON (Schering-Plough).

PEGs suitable for conjugation to a polypeptide sequence
are generally soluble in water at room temperature, and have
the general formula R(O—CH,—CH,), O0—R, where R is
hydrogen or a protective group such as an alkyl or an alkanol
group, and where n is an integer from 1 to 1000. When R is
a protective group, it generally has from 1 to 8 carbons. The
PEG conjugated to the polypeptide sequence can be linear or
branched. Branched PEG derivatives, “star-PEGs” and
multi-armed PEGs are contemplated by the present disclo-
sure. A molecular weight (molecular mass) of the PEG used
in the present disclosure is not restricted to any particular
range. Certain embodiments have molecular weights
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between 5 kDa and 20 kDa, while other embodiments have
molecular weights between 4 kDa and 10 kDa. PEGs having
additional molecular weights are described elsewhere
herein.

The present disclosure also contemplates compositions of
conjugates wherein the PEGs have different n values, and
thus the various different PEGs are present in specific ratios.
For example, some compositions comprise a mixture of
conjugates where n=1, 2, 3 and 4. In some compositions, the
percentage of conjugates where n=1 is 18-25%, the percent-
age of conjugates where n=2 is 50-66%, the percentage of
conjugates where n=3 is 12-16%, and the percentage of
conjugates where n=4 is up to 5%. Such compositions can
be produced by reaction conditions and purification methods
know in the art. Exemplary reaction conditions are described
throughout the specification. Cation exchange chromatog-
raphy may be used to separate conjugates, and a fraction is
then identified which contains the conjugate having, for
example, the desired number of PEGs attached, purified free
from unmodified protein sequences and from conjugates
having other numbers of PEGs attached.

Pegylation most frequently occurs at the alpha amino
group at the N-terminus of the polypeptide, the epsilon
amino group on the side chain of lysine residues, and the
imidazole group on the side chain of histidine residues.
Since most recombinant polypeptides possess a single alpha
and a number of epsilon amino and imidazole groups,
numerous positional isomers can be generated depending on
the linker chemistry. General pegylation strategies known in
the art can be applied herein. PEG may be bound to a
polypeptide of the present disclosure via a terminal reactive
group (a “spacer”’) which mediates a bond between the free
amino or carboxyl groups of one or more of the polypeptide
sequences and polyethylene glycol. The PEG having the
spacer which may be bound to the free amino group includes
N-hydroxysuccinylimide polyethylene glycol, which may
be prepared by activating succinic acid ester of polyethylene
glycol with N-hydroxysuccinylimide. Another activated
polyethylene glycol which may be bound to a free amino
group is 2,4-bis(O-methoxypolyethyleneglycol)-6-chloro-s-
triazine, which may be prepared by reacting polyethylene
glycol monomethyl ether with cyanuric chloride. The acti-
vated polyethylene glycol which is bound to the free car-
boxyl group includes polyoxyethylenediamine.

Conjugation of one or more of the polypeptide sequences
of the present disclosure to PEG having a spacer may be
carried out by various conventional methods. For example,
the conjugation reaction can be carried out in solution at a
pH of from 5 to 10, at temperature from 4° C. to room
temperature, for 30 minutes to 20 hours, utilizing a molar
ratio of reagent to protein of from, e.g., 1:1; 1.5:1; 4:1 to
30:1. Reaction conditions may be selected to direct the
reaction towards producing predominantly a desired degree
of substitution. In general, low temperature, low pH (e.g.,
pH=5), and short reaction time tend to decrease the number
of PEGs attached, whereas high temperature, neutral to high
pH (e.g., pH=7), and longer reaction time tend to increase
the number of PEGs attached. Various methods known in the
art may be used to terminate the reaction. In some embodi-
ments the reaction is terminated by acidifying the reaction
mixture and freezing at, e.g., —20° C. Pegylation of various
molecules is discussed in, for example, U.S. Pat. Nos.
5,252,714, 5,643,575, 5,919,455, 5,932,462; and 5,985,263.
Pegylated 11.-10 is described in, e.g., U.S. Pat. No. 7,052,
686. Particular reaction conditions contemplated for use
herein are set forth in the Experimental section.
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As indicated above, pegylation most frequently occurs at
the N-terminus, the side chain of lysine residues, and the
imidazole group on the side chain of histidine residues. The
usefulness of such pegylation has been enhanced by refine-
ment by, for example, optimization of reaction conditions
and improvement of purification processes. More recent
residue-specific chemistries have enabled pegylation of argi-
nine, aspartic acid, cysteine, glutamic acid, serine, threonine,
and tyrosine, as well as the carboxy-terminus. Some of these
amino acid residues can be specifically pegylated, while
others are more promiscuous or only result in site-specific
pegylation under certain conditions.

Current approaches allowing pegylation of additional
amino acid residues include bridging pegylation (disulfide
bridges), enzymatic pegylation (glutamines and C-terminus)
and glycopegylation (sites of O— and N-glycosylation or
the glycans of a glycoprotein), and heterobifunctional pegy-
lation. Further approaches are drawn to pegylation of pro-
teins containing unnatural amino acids, intein fusion pro-
teins for C-terminal pegylation, transglutaminase-mediated
pegylation, sortase A-mediated pegylation, and releasable
and non-covalent pegylation. In addition, combination of
specific pegylation approaches with genetic engineering
techniques has enabled the polyethylene glycan polymer to
essentially couple at any position on the protein surface due
to, for example, substitution of specific amino acid residues
in a polypeptide with a natural or unnatural amino acid
bearing an orthogonal reactive group. See generally, e.g.,
Pasut, G. and Veronese, F. M., (2012) J. Controlled Release
161:461-72; Roberts, M. J. et al., (2012) Advanced Drug
Delivery Rev. 64:116-27; Jevsevar, S. et al., (2010) Biotech-
nol. J. 5:113-28; and Yoshioka, Y. (2011) Chem. Central J.
5:25.

The present disclosure also contemplates the use of PEG
mimetics. Recombinant PEG mimetics have been developed
that retain the attributes of PEG (e.g., enhanced serum
half-life) while conferring several additional advantageous
properties. By way of example, simple polypeptide chains
(comprising, for example, Ala, Glu, Gly, Pro, Ser and Thr)
capable of forming an extended conformation similar to
PEG can be produced recombinantly already fused to the
peptide or protein drug of interest (e.g., Amunix' XTEN
technology; Mountain View, Calif.). This obviates the need
for an additional conjugation step during the manufacturing
process. Moreover, established molecular biology tech-
niques enable control of the side chain composition of the
polypeptide chains, allowing optimization of immunogenic-
ity and manufacturing properties.

Any of the foregoing components and molecules used to
modify the polypeptide sequences of the present disclosure
(e.g., polyethylene glycol) may optionally be conjugated via
a linker. Suitable linkers include “flexible linkers” which are
generally of sufficient length to permit some movement
between the modified polypeptide sequences and the linked
components and molecules. The linker molecules are gen-
erally about 6-50 atoms long. The linker molecules may also
be, for example, aryl acetylene, ethylene glycol oligomers
containing 2-10 monomer units, diamines, diacids, amino
acids, or combinations thereof. Suitable linkers can be
readily selected and can be of any suitable length, such as 1
amino acid (e.g., Gly), 2, 3,4, 5, 6,7, 8, 9, 10, 10-20, 20-30,
30-50 or more than 50 amino acids.

Exemplary flexible linkers include glycine polymers (G),,,
glycine-serine polymers (for example, (GS),, GSGGS,,
(SEQ ID NO:14) and GGGS,, (SEQ ID NO:15), where n is
an integer of at least one), glycine-alanine polymers, ala-
nine-serine polymers, and other flexible linkers. Glycine and
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glycine-serine polymers are relatively unstructured, and
therefore may serve as a neutral tether between components.
Exemplary flexible linkers include, but are not limited to
GGSG (SEQ ID NO:16), GGSGG (SEQ ID NO:17),
GSGSG (SEQ ID NO:18), GSGGG (SEQ ID NO:19),
GGGSG (SEQ ID NO:20), and GSSSG (SEQ ID NO:21).
Release Assays

Because biologic agents are sensitive to changes in the
starting materials and manufacturing processes used in their
production, they may be difficult to consistently produce and
characterize. As such, biologics are subject to additional
regulatory requirements and oversight than small molecules,
which are generally synthesized by precise chemical meth-
ods. Lot release assessments are used to ensure that biolog-
ics within each batch, or “lot”, possess the requisite potency
(which is tied to, e.g., biostability), consistently contain the
same API and are safe for human use.

As set forth herein, a biologic is assessed based on
parameters that are specific for it, including: source and level
of control of the raw materials; complexity, robustness and
level of control of the manufacturing process; chemical
complexity of the drug substance and the drug product; and
reliability and complexity of the methods used to evaluate
identity, purity, and potency of the drug substance and the
drug product.

Peptide Mapping

The production of biologics requires very rigorous quality
control due to the potential for undesirable protein modifi-
cations and contamination. An element of this rigorous
quality control entails confirmation of the integrity of the
amino acid sequence for each production batch (lot) of a
protein biologic. Peptide mapping (also referred to as “pep-
tide mass fingerprinting”) is a powerful method for the
structural determination and confirmation of protein biolog-
ics’ sequence identity and is an indispensable analytical
method for the quality control of recombinantly-derived
proteins.

A peptide map is essentially a “fingerprint” of a protein
resulting from several chemical processes that provide a
comprehensive understanding of the protein being analyzed.
At its most basic level, peptide mapping involves enzymatic
digestion or chemical cleavage of a protein, separation of the
resulting fragments, and analysis of the fragments. The
method can be used to confirm that a protein is, in fact, the
protein of interest without the need to perform time-con-
suming peptide sequencing.

Examples of enzymatic digestion and chemical cleavage
agents are set forth in Table 1.

TABLE 1
Agent Specificity
Enzymatic Trypsin C-terminal side of Arg and Lys

Chymotrypsin C-terminal side of

hydrophobic residues

(e.g., Leu, Met, Ala, aromatics)
Pepsin Non-specific agent
Lysyl endopeptidase (Lys-C C-terminal side of Lys
Endopeptidase;
Endo Lys-C)

Glutamyl endopeptidase
(from S. aureus strain
V8; Endo Glu-C)
Peptidyl-Asp metallo
endopeptidase
(Endopeptidase

Asp-N; Endo Asp-N)
Clostripain

Cyanogen bromide

C-terminal side of Glu and Asp

N-terminal side of Asp

C-terminal side of Arg

Chemical C-terminal side of Met
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TABLE 1-continued
Agent Specificity
2-nitro-5-thio- N-terminal side of Cys

cyanobenzolic acid
O-iodsobenzoic acid
Dilute Acid
BNPS-skatole

C-terminal side of Trp and Tyr
Asp and Pro
Trp

Techniques used for the separation of peptides produced
by digestion and cleavage include: RP-HPLC; IEC; HIC;
PAGE; SDS-PAGE; CE; PCHV electrophoresis; and HVPE.

The absolute masses of the fragments are determined by
a mass spectrometer (e.g., ESI-MS, ESI-MS/MS, ESI-TOF
MS, MALDI MS and MALDI-TOF MS) and then compared
to peptide masses previously determined for known proteins
(e.g., protein-specific peptide mass data stored in a computer
database). In the present context, the measured peptide
masses are generally compared to those previously deter-
mined for IL.-10 using methodologies analogous to those
described above. As with other mass spectrometry-based
analytical proteomics techniques, the quality of protein
identification depends on the quality of the MS data itself,
the accuracy of the databases, and the power of the search
algorithms and software used.

To enable optimal analysis, the desired size range of
peptides produced by enzymatic digestion was historically
about 600-5,000 Da. However, the size range has increased
to about 600-20,000 Da due to recent advancements in
software and mass spectrometry techniques (e.g., electron
transfer dissociation (ETD) and electron capture dissocia-
tion (ECD)), along with the potential for combination with
collision-activated dissociation (CAD). Nonetheless, some
peptides still fall above or below the desired peptide size
range, resulting in decreased protein coverage and incom-
plete data collection.

Protein digestion with trypsin (“tryptic mapping”;
described further below) is the primary method for protein
analysis. In order to increase protein coverage, alternative
proteinases have been introduced. The use of alternative
proteinases, individually or in combination with other pro-
teinases, creates a unique peptide map that may include
peptide sequences not seen in trypsin digestions. Moreover,
overlaying peptides obtained from digestion with alternative
proteinases increases protein coverage and overall confi-
dence in protein identification. Through the use of alterna-
tive enzymes, peptides that are too large for optimal use with
particular analytical instrumentation may be cleaved into
smaller, more manageable fragments.

Alternative proteinases may also be helpful in overcom-
ing incomplete digestion caused by PTMs, which prevent
the proteinases from accessing a necessary site, and in
identifying translocation partners.

Tryptic Mapping. As indicated herein, protein digestion
with trypsin (“tryptic mapping”) is the primary method for
protein structural determination (including, e.g., newly dis-
covered proteins). Enzymatic digestion with trypsin is
advantageous because it cleaves at the C-terminal side of
Lys and Arg residues, which is generally quantitative under
proper conditions, because it tolerates concentrations of urea
as high as 4M, and because it can be used to locate
glycosylation sites and disulfide linkages. Tryptic mapping
provides information on lot-to-lot product consistency,
expression errors, mutation and deamination sites, and it is
increasingly used in biotechnology for quality control of
recombinant proteins.
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Despite its widespread use, tryptic mapping is not without
limitations and shortcomings. It requires a high level of
column resolution and system precision for accurate repro-
duction of the maps. Furthermore, because of large number
of peaks in a tryptic map, it is difficult to identify fragments
contributed by a contaminant protein at a level of 1-5%.
Moreover, tryptic digest of certain pegylated proteins does
not yield reproducible and/or meaningful data.

Endoproteinase Glu-C Mapping. As set forth in Table 1,
endoproteinase Glu-C (Endo Glu-C) is an alternative
enzyme for protein digestion. Endo Glu-C is a recombi-
nantly produced serine protease (Staphylococcus aureus
Protease V8 gene cloned and expressed in Bacillus subtilis)
that cleaves proteins with high specificity at the C-terminus
of glutamic acid and aspartic acid residues, and thus creates
unique peptide fragments available for mass spectrometry
analysis. Although Endo Glu-C has been used in protein
characterization for several decades, its importance has
recently increased due to advancements in mass spectrom-
etry techniques. Endo Glu-C reagents are commercially
available from a number of sources, including New England
BioLabs (Ipswich, Mass.) and Worthington Biochemical
Corp. (Lakewood, N.J.).

The Endo Glu-C amino acid sequence is set forth in FIG.
2. It contains a 6-His-Tag on the C-terminus of the protein.
Endo Glu-C appears as a single band on SDS-PAGE, and a
small amount of the enzyme may contain two additional Ala
residues at its N-terminus.

Endo Glu-C cleaves at aspartic acid residues at a rate
100-300 times slower than at glutamic acid residues. Fur-
thermore, the specificity of Endo Glu-C is influenced by the
buffer composition; in phosphate buffers, both glutamic and
aspartic residues are cleaved, while in ammonium bicarbon-
ate and ammonium acetate buffers (pH 4.0), only the glu-
tamic residues are cleaved.

Digestion of IL-10 and Pegylated I[.-10

Fragmentation of I[.-10, PEG-IL-10, and the other
IL-10—related molecules described herein may be effected
by enzymatic and chemical digestion. The agents set forth
above in Table 1 may be evaluated as fragmentation candi-
dates. Although other factors may be relevant, a digestion of
IL-10 that results in a peptide map containing fewer, more
discrete peptide members compared to the peptide members
resulting from a different digestion is easier to interpret
across different lots and conditions.

Particular embodiments of the present disclosure contem-
plate digestion with a proteolytic agent, such as a peptidase.
In some embodiments, the peptidase is trypsin, while in
other embodiments the peptidase is Endo Glu-C. Each
monomer of the human IL-10 dimeric structure has 17 Endo
Glu-C digestion sites (i.e., glutamic acid and aspartic acid
residues) and 21 trypsin digestion sites. Thus, digestion with
Endo Glu-C results in fewer peptide fragments and a simpler
digest to interpret. Fewer peptide fragments also translate
into potentially fewer problems during critical release test-
ing. In addition, the data resulting from digestion with Endo
Glu-C is more robust (e.g., more distinct peaks produced by
mass spectrometry) than that resulting from digestion with
trypsin

Peptide mapping of a pegylated protein is often associated
with considerations that are not present with peptide map-
ping of the corresponding unpegylated protein. PEG-IL-10
digestion with Endo-Glu-C provides superior results to that
with trypsin. Essentially, the PEG-IL-10 tryptic map will not
provide a consistent “map” of the mixed di- and mono-
pegylated I1.-10 to provide reproducibility for setting speci-
fications for bulk drug substance (BDS) and final drug

10

15

20

25

30

35

40

45

50

55

60

65

28

product (DP) release criteria. Of particular import with
regards to PEG-IL-10, digestion with Endo Glu-C yields
consistent and reproducible data generated by a lot release
assay. Such consistency and reproducibility is observed
regardless of whether an individual performs the release
assay using different equipment; a different individual per-
forms the release assay using the same equipment as the first
individual; or a different individual performs the release
assay using different machinery than the first individual.

Digestion of IL-10 and PEG-IL-10 with the Endo Glu-C
peptidase provides more robust and reproducible data than
digestion with trypsin. Using the methodology described in
the Experimental section, an Endo Glu-C digest and UV-
detected peptide map of IL.-10 and PEG-IL-10 resulted in
discrete and readily interpretable peaks (see FIG. 4). The
chromatogram set forth in FIG. 4 also indicates that the
peptide map exhibits substantially similar traces for rhIL.-10
(dark trace) and PEG-rhIL-10 (light trace). Of note, the use
of ESI-MS/MS following Endo Glu-C digestion of PEG-IL
yielded a peptide map having discrete peaks, but of insuf-
ficient resolution to readily characterize the PEG moiety.
The skilled artisan will be able to evaluate other detection
methods that can be employed with Endo Glu-C.

As noted above, digestion of IL.-10 with trypsin produces
more peptide fragments than digestion with Endo Glu-C.
This increased number of peptide fragments necessitates
additional, time-intensive interpretation. In addition, mass
spectrometry (e.g., ESI-MS/MS) of the trypsin-produced
peptide fragments results in peaks that are less discrete.

Thus, the Endo Glu-C peptidase provides robust and
consistent results as to the identity (e.g., amino acid
sequence) and stability of compositions comprising pegy-
lated interleukin-10 and other pegylated interleukin-10—
related molecules. As a result, digestion with Endo Glu-C is
ideal as a lot release assay for PEG-rhIL-10.

Therapeutic and Prophylactic Uses

The present disclosure contemplates the use of the IL-10
molecules (e.g., PEG-IL.-10) described herein in the treat-
ment or prevention of a broad range of diseases, disorders
and/or conditions, and/or the symptoms thereof. While par-
ticular uses are described in detail hereafter, it is to be
understood that the present disclosure is not so limited.
Furthermore, although general categories of particular dis-
eases, disorders and conditions are set forth hereafter, some
of the diseases, disorders and conditions may be a member
of more than one category (e.g., cancer- and fibrotic-related
disorders), and others may not be a member of any of the
disclosed categories.

The present disclosure contemplates embodiments
wherein an IL-10 (e.g., PEG-IL-10) agent is used as a
diagnostic or as a component thereof. In further embodi-
ments, the present disclosure provides methods for treating
a proliferative condition, cancer, tumor, or precancerous
condition with an IL-10 molecule and at least one additional
therapeutic or diagnostic agent, examples of which are set
forth elsewhere herein.

Fibrotic Disorders and Cancer. In accordance with the
present disclosure, the I[.-10 molecules (e.g., PEG-1L.-10)
described herein can be used to treat or prevent proliferative
diseases, disorders or conditions, including cancers and
cancer-related diseases, disorders or conditions. The disclo-
sure contemplates reducing tolerance to a tumor cell or
cancer cell antigen, e.g., by modulating activity of a regu-
latory T-cell and/or a CD8+ T-cell (see, e.g., Ramirez-
Montagut, et al. (2003) Oncogene 22:3180-87; and Sawaya,
et al. (2003) New Engl. J. Med. 349:1501-09). In particular
embodiments, the tumor or cancer is colon cancer, ovarian
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cancer, breast cancer, melanoma, lung cancer, glioblastoma,
or leukemia. The use of the term(s) cancer-related diseases,
disorders and conditions is meant to refer broadly to con-
ditions that are associated, directly or indirectly, with cancer,
and includes, e.g., angiogenesis and precancerous conditions
such as dysplasia.

Cardiovascular Diseases and Cholesterol-related Disor-
ders. The present disclosure also contemplates the use of the
IL-10 agents (PEG-IL-10) described herein to treat and/or
prevent certain cardiovascular- and/or associated metabolic-
related diseases, disorders and conditions, as well as disor-
ders associated therewith.

As used herein, the terms “cardiovascular disease”, “heart
disease” and the like refer to any disease that affects the
cardiovascular system, primarily cardiac disease, vascular
diseases of the brain and kidney, and peripheral arterial
diseases. Cardiovascular disease is a constellation of dis-
eases that includes coronary heart disease (i.e., ischemic
heart disease or coronary artery disease), atherosclerosis,
cardiomyopathy, hypertension, hypertensive heart disease,
cor pulmonale, cardiac dysrhythmias, endocarditis, cerebro-
vascular disease, and peripheral arterial disease. Cardiovas-
cular disease is the leading cause of deaths worldwide, and
while it usually affects older adults, the antecedents of
cardiovascular disease, notably atherosclerosis, begin in
early life.

Particular embodiments of the present disclosure are
directed to the use of IL-10 polypeptides to treat and/or
prevent atherosclerosis, a chronic condition in which an
artery wall thickens to form plaques as a result of the
accumulation of fatty materials such as cholesterol and
triglycerides. Atherosclerosis frequently involves a chronic
inflammatory response in the walls of arteries, caused
largely by the accumulation of macrophages and promoted
by low-density lipoproteins (LDL) without adequate
removal of fats and cholesterol from the macrophages by
functional high-density lipoproteins. Chronically expanding
atherosclerotic lesions can cause complete closure of the
lumen, which may only manifest when the lumen stenosis is
so severe that blood supply to downstream tissue(s) is
insufficient, resulting in ischemia.

The IL-10 polypeptides may be particularly advantageous
in the treatment and/or prevention of cholesterol-related
disorders, which may be associated with, for example,
cardiovascular disease (e.g. atherosclerosis), cerebrovascu-
lar disease (e.g., stroke), and peripheral vascular disease. By
way of example, but not limitation, the IL.-10 polypeptides
may be used for lowering a subject’s blood cholesterol level.
In determining whether a subject has hypercholesterolemia,
there is no firm demarcation between normal and abnormal
cholesterol levels, and interpretation of values needs to be
made in relation to other health conditions and risk factors.
Nonetheless, the following guidelines are generally used in
the United States: total cholesterol <200 mg/dL is desirable,
200-239 mg/dL is borderline high, and =240 mg/dL is high.
Higher levels of total cholesterol increase the risk of car-
diovascular disease, and levels of LDL or non-HDL choles-
terol are both predictive of future coronary heart disease.
When assessing hypercholesterolemia, it is frequently useful
to measure all lipoprotein subfractions (VLDL, IDL, LDL
and HDL). A particular therapeutic goal is to decrease LDL
while maintaining or increasing HDL..

Thrombosis and Thrombotic Conditions. Thrombosis, the
formation of a thrombus (blood clot) inside a blood vessel
resulting in obstruction of the flow of blood through the
circulatory system, may be caused by abnormalities in one

20

25

30

40

45

50

30

or more of the following (Virchow’s triad): hypercoagula-
bility, endothelial cell injury, or disturbed blood flow (stasis,
turbulence).

Thrombosis is generally categorized as venous or arterial,
each of which can be presented by several subtypes. Venous
thrombosis includes deep vein thrombosis (DVT), portal
vein thrombosis, renal vein thrombosis, jugular vein throm-
bosis, Budd-Chiari syndrome, Paget-Schroetter disease, and
cerebral venous sinus thrombosis. Arterial thrombosis
includes stroke and myocardial infarction.

Other diseases, disorders and conditions are contemplated
by the present disclosure, including atrial thrombosis and
Polycythemia vera (also known as erythema, primary poly-
cythemia and polycythemia rubra vera), a myeloprolifera-
tive blood disorder in which the bone marrow makes too
many RBCs, WBCs and/or platelets.

Furthermore, blood vessels injured by, for example, cho-
lesterol or smoking develop plaques, which can rupture and
cause the plaques to form a clot. This response occurs even
though no bleeding is occurring.

Immune and Inflammatory Conditions. As used herein,
terms such as “immune disease”, “immune condition”,
“immune disorder”, “inflammatory disease”, “inflammatory
condition”, “inflammatory disorder” and the like are meant
to broadly encompass any immune- or inflammatory-related
condition (e.g., pathological inflammation and autoimmune
diseases). Such conditions frequently are inextricably inter-
twined with other diseases, disorders and conditions. By
way of example, an “immune condition” may refer to
proliferative conditions, such as cancer, tumors, and angio-
genesis; including infections (acute and chronic), tumors,
and cancers that resist eradication by the immune system.

A non-limiting list of immune- and inflammatory-related
diseases, disorders and conditions which may, for example,
be caused by inflammatory cytokines, include arthritis (e.g.,
rheumatoid arthritis), kidney failure, lupus, asthma, psoria-
sis, colitis, pancreatitis, allergies, fibrosis, surgical compli-
cations (e.g., where inflammatory cytokines prevent heal-
ing), anemia, and fibromyalgia. Other diseases and disorders
which may be associated with chronic inflammation include
Alzheimer’s disease, congestive heart failure, stroke, aortic
valve stenosis, arteriosclerosis, osteoporosis, Parkinson’s
disease, infections, inflammatory bowel disease (e.g.,
Crohn’s disease and ulcerative colitis), allergic contact der-
matitis and other eczemas, systemic sclerosis, transplanta-
tion and multiple sclerosis.

Viral Diseases. There has been increased interest in the
role of IL-10 in viral diseases. IL-10 has been postulated to
produce both stimulatory and inhibitory effects depending
on, for example, its receptor binding activity.

The effect of inhibiting I[.-10 function in order to increase
antiviral immunity and vaccine efficacy has been considered
(see Wilson, E., (2011) Curr. Top. Microbiol. Immunol.
350:39-65). Moreover, the role of 1L-10 in human immu-
nodeficiency virus (HIV) function has been studied. In
addition to the inhibition of human immunodeficiency virus
type 1 (HIV-1) replication, I1L.-10 may also promote viral
persistence by inactivation of effector immune mechanisms
(Naicker, D., et al., (2009) J. Infect. Dis. 200 (3):448-452).
Another study has identified an IL.-10—producing subset of
B-cells able to regulate T-cell immunity in chronic hepatitis
B virus (HBV) infection. A close temporal correlation was
observed between 1L-10 levels and fluctuations in viral load,
and in vitro blockade of 1L-10 was found to rescue poly-
functional, virus-specific CD8+ T-cell responses (Das, A., et
al., J. Immunol., Sep. 12, 2012 1103139 (on-line)).
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Although the aforementioned studies indicate that IL-10
inhibition may be beneficial, particular viral infections that
comprise a CD8+ T-cell component may be candidates for
treatment and/or prevention through the administration of an
IL-10 agent (e.g., PEG-IL-10). This is supported by the
positive role that IL.-10 plays in certain cancers by modu-
lation of regulatory T cells and/or CD8+ T cells. The use of
IL-10 therapy in viral contexts has also been discussed
elsewhere (see, e.g., J. Virol. July 2011 vol. 85 no. 14
6822-683; and Loebbermann J, et al. (2012) PLoS ONE
7(2): €32371. doi:10.1371/journal.pone.0032371).

The present disclosure contemplates the use of the IL-10
molecules (e.g., PEG-IL-10) in the treatment and/or preven-
tion of any viral disease, disorder or condition for which
treatment with IL-10 may be beneficial. Examples of viral
diseases, disorders and conditions that are contemplated
include hepatitis B, hepatitis C, HIV, herpes virus and
cytomegalovirus (CMV).

Routes of Administration and Pharmaceutical Compositions

The IL-10 molecules (e.g., PEG-IL-10) of the present
disclosure may be in the form of compositions suitable for
administration to a subject. In general, such compositions
are “pharmaceutical compositions” comprising an IL-10
agent as described herein and one or more pharmaceutically
or physiologically acceptable diluents, carriers or excipients.
In certain embodiments, the I[.-10 agent is present in a
therapeutically acceptable amount. The pharmaceutical
compositions may be used in the methods of the present
disclosure; thus, for example, the pharmaceutical composi-
tions can be administered ex vivo or in vivo to a subject in
order to practice the therapeutic and prophylactic methods
and uses described herein.

The pharmaceutical compositions of the present disclo-
sure can be formulated to be compatible with the intended
method or route of administration. The present disclosure
contemplates the administration of the IL-10 molecules
(e.g., PEG-IL-10) described herein, and compositions
thereof, in any appropriate manner. Suitable routes of
administration include parenteral (e.g., intramuscular, intra-
venous, subcutaneous (e.g., injection or implant), intraperi-
toneal, intracisternal, intraarticular, intraperitoneal, intrac-
erebral (intraparenchymal) and intracerebroventricular),
oral, nasal, vaginal, sublingual, intraocular, rectal, topical
(e.g., transdermal), sublingual and inhalation. Particular
embodiments of the present disclosure contemplate parent-
eral administration, and in further particular embodiments
the parenteral administration is subcutaneous.

The skilled artisan is familiar with methodologies for
preparing pharmaceutical compositions and the various
components thereof. The pharmaceutical compositions typi-
cally comprise a therapeutically effective amount of an
1L-10 agent (e.g., PEG-IL-10) and one or more pharmaceu-
tically and physiologically acceptable diluents, carriers or
excipients including, but are not limited to, antioxidants
(e.g., ascorbic acid and sodium bisulfate), preservatives
(e.g., benzyl alcohol, methyl parabens, ethyl or n-propyl,
p-hydroxybenzoate), emulsifying agents, suspending agents,
dispersing agents, solvents, fillers, bulking agents, deter-
gents, buffers, vehicles, diluents, and/or adjuvants.

For example, a suitable vehicle may be physiological
saline solution or citrate buffered saline, possibly supple-
mented with other materials common in pharmaceutical
compositions for parenteral administration. Neutral buffered
saline or saline mixed with serum albumin are further
exemplary vehicles. Those skilled in the art will readily
recognize a variety of buffers that can be used in the
pharmaceutical compositions and dosage forms contem-
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plated herein. Typical buffers include, but are not limited to,
pharmaceutically acceptable weak acids, weak bases, or
mixtures thereof. As an example, the buffer components can
be water soluble materials such as phosphoric acid, tartaric
acids, lactic acid, succinic acid, citric acid, acetic acid,
ascorbic acid, aspartic acid, glutamic acid, and salts thereof.
Acceptable buffering agents include, for example, a Tris
buffer, N-(2-Hydroxyethyl)piperazine-N'-(2-ethanesulfonic
acid) (HEPES), 2-(N-Morpholino)ethanesulfonic acid
(MES), 2-(N-Morpholino)ethanesulfonic acid sodium salt
(MES), 3-(N-Morpholino)propanesulfonic acid (MOPS),
and N-tris| Hydroxymethylmethyl-3-aminopropanesulfonic
acid (TAPS).

After a pharmaceutical composition has been formulated,
it may be stored in sterile vials as a solution, suspension, gel,
emulsion, solid, or dehydrated or lyophilized powder. Such
formulations may be stored either in a ready-to-use form, a
lyophilized form requiring reconstitution prior to use, a
liquid form requiring dilution prior to use, or other accept-
able form. In some embodiments, the pharmaceutical com-
position is provided in a single-use container (e.g., a single-
use vial, ampoule, syringe, or autoinjector (similar to, e.g.,
an EpiPen®)), whereas a multi-use container (e.g., a multi-
use vial) is provided in other embodiments. Any drug
delivery apparatus may be used to deliver IL-10, including
implants (e.g., implantable pumps) and catheter systems,
slow injection pumps and devices, all of which are well
known to the skilled artisan.

Depot injections, which are generally administered sub-
cutaneously or intramuscularly, may be utilized to release
the I1.-10 molecules disclosed herein over a defined period
of time. Depot injections are usually either solid- or oil-
based and generally comprise at least one of the formulation
components set forth herein. One of ordinary skill in the art
is familiar with possible formulations and uses of depot
injections.

The pharmaceutical compositions may be in the form of
a sterile injectable aqueous or oleagenous suspension. This
suspension may be formulated according to the known art
using those suitable dispersing or wetting agents and sus-
pending agents mentioned herein. The sterile injectable
preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally-acceptable diluent or
solvent, for example, as a solution in 1,3-butane diol.
Acceptable diluents, solvents and dispersion media that may
be employed include water, Ringer’s solution, isotonic
sodium chloride solution, Cremophor EL.™ (BASF, Parsip-
pany, N.J.) or phosphate buffered saline (PBS), ethanol,
polyol (e.g., glycerol, propylene glycol, and liquid polyeth-
ylene glycol), and suitable mixtures thereof. In addition,
sterile, fixed oils are conventionally employed as a solvent
or suspending medium. For this purpose any bland fixed oil
may be used, including synthetic mono- or diglycerides.
Moreover, fatty acids such as oleic acid, find use in the
preparation of injectables. Prolonged absorption of particu-
lar injectable formulations can be achieved by including an
agent that delays absorption (e.g., aluminum monostearate
or gelatin).

Pharmaceutical compositions comprising the 1[.-10 mol-
ecules contemplated herein may be in other dosage forms,
including dosage forms suitable for alternative routes of
administration, currently known or developed in the future.
For example, the IL-10 molecules may be in the form of
tablets or capsules suitable for oral administration, supposi-
tories for rectal administration, and sprays for nasal or
inhalation use.
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The concentration of an IL.-10 agent in a formulation can
vary widely (e.g., from less than about 0.1%, usually at or
at least about 2% to as much as 20% to 50% or more by
weight) and will usually be selected primarily based on fluid
volumes, viscosities, and subject-based factors in accor-
dance with, for example, the particular mode of administra-
tion selected.

Combination Therapy

The present disclosure contemplates the use of IL-10
molecules (e.g., PEG-IL-10) in combination with one or
more active therapeutic agents (e.g., cytokines) or other
prophylactic or therapeutic modalities (e.g., radiation) in
order to treat or prevent the diseases, disorders and condi-
tions as contemplated by the present disclosure. In such
combination therapy, the various active agents frequently
have different, complementary mechanisms of action. Such
combination therapy may be especially advantageous by
allowing a dose reduction of one or more of the agents,
thereby reducing or eliminating the adverse effects associ-
ated with one or more of the agents. Furthermore, such
combination therapy may have a synergistic therapeutic or
prophylactic effect on the underlying disease, disorder, or
condition.

As used herein, “combination” is meant to include thera-
pies that can be administered separately, for example, for-
mulated separately for separate administration (e.g., as may
be provided in a kit), and therapies that can be administered
together in a single formulation (i.e., a “co-formulation™).

In certain embodiments, the IL-10 polypeptides (e.g.,
PEG-IL-10) are administered or applied sequentially, e.g.,
where one agent is administered prior to one or more other
agents. In other embodiments, the IL-10 polypeptides are
administered simultaneously, e.g., where two or more agents
are administered at or about the same time; the two or more
agents may be present in two or more separate formulations
or combined into a single formulation (i.e., a co-formula-
tion). Regardless of whether the two or more agents are
administered sequentially or simultaneously, they are con-
sidered to be administered in combination for purposes of
the present disclosure.

The IL-10 polypeptides (e.g., PEG-IL-10) of the present
disclosure may be used in combination with at least one
other (active) agent, including pharmaceutically acceptable
salts, acids or derivatives thereof, in any manner appropriate
under the circumstances. In one embodiment, treatment with
the at least one active agent and at least one 1L.-10 polypep-
tide of the present disclosure is maintained over a period of
time. In another embodiment, treatment with the at least one
active agent is reduced or discontinued (e.g., when the
subject is stable), while treatment with the IL.-10 polypep-
tide of the present disclosure is maintained at a constant
dosing regimen. In a further embodiment, treatment with the
at least one active agent is reduced or discontinued (e.g.,
when the subject is stable), while treatment with the IL-10
polypeptide of the present disclosure is reduced (e.g., lower
dose, less frequent dosing or shorter treatment regimen). In
yet another embodiment, treatment with the at least one
active agent is reduced or discontinued (e.g., when the
subject is stable), and treatment with the IL-10 polypeptide
of'the present disclosure is increased (e.g., higher dose, more
frequent dosing or longer treatment regimen). In yet another
embodiment, treatment with the at least one active agent is
maintained and treatment with the 1[.-10 polypeptide of the
present disclosure is reduced or discontinued (e.g., lower
dose, less frequent dosing or shorter treatment regimen). In
yet another embodiment, treatment with the at least one
active agent and treatment with the I1L.-10 polypeptide of the
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present disclosure are reduced or discontinued (e.g., lower
dose, less frequent dosing or shorter treatment regimen).

The present disclosure contemplates the use of IL-10
molecules (e.g., PEG-IL-10) in combination with one or
more prophylactic or therapeutic modalities (now known or
developed in the future), including modalities useful in the
treatment, prevention, and/or diagnosis of fibrotic disorders
and cancer (including proliferative conditions); immune and
inflammatory conditions; viral diseases; and thrombotic
disorders.

In addition, some embodiments are directed at combina-
tion therapy for the treatment, prevention, and/or diagnosis
of cardiovascular diseases. By way of example, and not
limitation, an I1L-10 agent (e.g., PEG-IL-10) may be used in
combination with modalities for the treatment of hypercho-
lesterolemia (as well as atherosclerosis) including statins
(e.g., CRESTOR, LESCOL, LIPITOR, MEVACOR, PRA-
VACOL, and ZOCOR), which inhibit the enzymatic syn-
thesis of cholesterol; bile acid resins (e.g., COLESTID,
LO-CHOLEST, PREVALITE, QUESTRAN, and
WELCHOL), which sequester cholesterol and prevent its
absorption; ezetimibe (ZETIA), which blocks cholesterol
absorption; fibric acid (e.g., TRICOR), which reduces tri-
glycerides and may modestly increase HDL; niacin (e.g.,
NIACOR), which modestly lowers LDL cholesterol and
triglycerides; and/or a combination of the aforementioned
(e.g., VYTORIN (ezetimibe with simvastatin). Alternative
cholesterol treatments that may be candidates for use in
combination with the IL-10 polypeptides described herein
include inhibitors of Proprotein Convertase Subtilisin Kexin
9 (PCSK9) for the treatment of hypercholesterolemia and
related pathologies. Such modalities include monoclonal
antibodies (mAb), antisense RN A1, small molecules, and the
use of recombinant adnectins.

Dosing

The IL-10 polypeptides (e.g., PEG-IL-10) of the present
disclosure may be administered to a subject in an amount
that is dependent upon, for example, the goal of adminis-
tration (e.g., the degree of resolution desired); the age,
weight, sex, and health and physical condition of the subject
to which the formulation is being administered; the route of
administration; and the nature of the disease, disorder,
condition or symptom thereof. The dosing regimen may also
take into consideration the existence, nature, and extent of
any adverse effects associated with the agent(s) being
administered. Effective dosage amounts and dosage regi-
mens can readily be determined from, for example, safety
and dose-escalation trials, in vivo studies (e.g., animal
models), and other methods known to the skilled artisan.

In general, dosing parameters dictate that the dosage
amount be less than an amount that could be irreversibly
toxic to the subject (the maximum tolerated dose (MTD))
and not less than an amount required to produce a measur-
able effect on the subject. Such amounts are determined by,
for example, the pharmacokinetic and pharmacodynamic
parameters associated with ADME, taking into consider-
ation the route of administration and other factors.

An effective dose (ED) is the dose or amount of an agent
that produces a therapeutic response or desired effect in
some fraction of the subjects taking it. The “median effective
dose” or ED50 of an agent is the dose or amount of an agent
that produces a therapeutic response or desired effect in 50%
of the population to which it is administered. Although the
EDS50 is commonly used as a measure of reasonable expect-
ance of an agent’s effect, it is not necessarily the dose that
a clinician might deem appropriate taking into consideration
all relevant factors. Thus, in some situations the effective
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amount is more than the calculated ED50, in other situations
the effective amount is less than the calculated ED50, and in
still other situations the effective amount is the same as the
calculated ED50.

In addition, an effective dose of the IL.-10 molecules (e.g.,
PEG-IL-10) of the present disclosure may be an amount that,
when administered in one or more doses to a subject,
produces a desired result relative to a healthy subject. For
example, for a subject experiencing a particular disorder, an
effective dose may be one that improves a diagnostic param-
eter, measure, marker and the like of that disorder by at least
about 5%, at least about 10%, at least about 20%, at least
about 25%, at least about 30%, at least about 40%, at least
about 50%, at least about 60%, at least about 70%, at least
about 80%, at least about 90%, or more than 90%, where
100% 1is defined as the diagnostic parameter, measure,
marker and the like exhibited by a normal subject.

The amount of an IL-10 (e.g., PEG-IL-10) molecule
necessary to treat a disease, disorder or condition described
herein is based on the IL-10 activity of the conjugated
protein, which can be determined by IL-10 activity assays
known in the art. By way of example, in the tumor context
suitable I1.-10 activity includes, for example, CD8+ T-cell
infiltration into tumor sites, expression of inflammatory
cytokines, such as IFN-y, 1L-4, IL-6, I1L.-10, and RANK-L,
from these infiltrating cells, and increased levels of TNF-a
or IFN-y in biological samples.

The therapeutically effective amount of an IL.-10 mol-
ecule can range from about 0.01 to about 100 pg protein/kg
of body weight/day, from about 0.1 to 20 ug protein/kg of
body weight/day, from about 0.5 to 10 pg protein/kg of body
weight/day, or about 1 to 4 ug protein/kg of body weight/
day. In some embodiments, an IL.-10 molecule is adminis-
tered by continuous infusion to delivery about 50 to 800 ng
protein/kg of body weight/day (e.g., about 1 to 16 ug
protein/kg of body weight/day of an IL.-10 molecule). The
infusion rate may be varied based on evaluation of, for
example, adverse effects and blood cell counts. In particular
embodiments, the PEG-IL-10 molecule is administered sub-
cutaneously.

For administration of an oral agent, the compositions can
be provided in the form of tablets, capsules and the like
containing from 1.0 to 1000 milligrams of the active ingre-
dient, particularly 1.0, 3.0, 5.0, 10.0, 15.0, 20.0, 25.0, 50.0,
75.0, 100.0, 150.0, 200.0, 250.0, 300.0, 400.0, 500.0, 600.0,
750.0, 800.0, 900.0, and 1000.0 milligrams of the active
ingredient.

In certain embodiments, the dosage of the disclosed IL-10
polypeptide is contained in a “unit dosage form”. The phrase
“unit dosage form” refers to physically discrete units, each
unit containing a predetermined amount of an I[.-10 poly-
peptide of the present disclosure, either alone or in combi-
nation with one or more additional agents, sufficient to
produce the desired effect. It will be appreciated that the
parameters of a unit dosage form will depend on the par-
ticular agent and the effect to be achieved.

Kits

The present disclosure also contemplates kits comprising
1L-10 (e.g., PEG-IL-10), and pharmaceutical compositions
thereof. The kits are generally in the form of a physical
structure housing various components, as described below,
and may be utilized, for example, in practicing the methods
described above (e.g., administration of an IL.-10 molecule
to a subject in need of restoring cholesterol homeostasis).

A kit can include one or more of the IL-10 polypeptides
disclosed herein (provided in, e.g., a sterile container),
which may be in the form of a pharmaceutical composition
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suitable for administration to a subject. The IL-10 polypep-
tides can be provided in a form that is ready for use or in a
form requiring, for example, reconstitution or dilution prior
to administration. When the IL.-10 polypeptides are in a form
that needs to be reconstituted by a user, the kit may also
include buffers, pharmaceutically acceptable excipients, and
the like, packaged with or separately from the IL-10 poly-
peptides. When combination therapy is contemplated, the kit
may contain the several agents separately or they may
already be combined in the kit. Each component of the kit
may be enclosed within an individual container, and all of
the various containers may be within a single package. A kit
of the present disclosure may be designed for conditions
necessary to properly maintain the components housed
therein (e.g., refrigeration or freezing).

A kit may contain a label or packaging insert including
identifying information for the components therein and
instructions for their use (e.g., dosing parameters, clinical
pharmacology of the active ingredient(s), including mecha-
nism of action, pharmacokinetics and pharmacodynamics,
adverse effects, contraindications, etc.). Labels or inserts can
include manufacturer information such as lot numbers and
expiration dates. The label or packaging insert may be, e.g.,
integrated into the physical structure housing the compo-
nents, contained separately within the physical structure, or
affixed to a component of the kit (e.g., an ampule, tube or
vial).

Labels or inserts can additionally include, or be incorpo-
rated into, a computer readable medium, such as a disk (e.g.,
hard disk, card, memory disk), optical disk such as CD- or
DVD-ROM/RAM, DVD, MP3, magnetic tape, or an elec-
trical storage media such as RAM and ROM or hybrids of
these such as magnetic/optical storage media, FLASH media
or memory-type cards. In some embodiments, the actual
instructions are not present in the kit, but guidance for
obtaining the instructions from a remote source, e.g., via the
internet, are provided.

EXAMPLES

The following examples are put forth so as to provide
those of ordinary skill in the art with a complete disclosure
and description of how to make and use the present inven-
tion, and are not intended to limit the scope of what is
regarded to be the invention nor are they intended to
represent that the experiments below were performed and
are all of the experiments that may be performed. It is to be
understood that exemplary descriptions written in the pres-
ent tense were not necessarily performed, but rather that the
descriptions can be performed to generate the data and the
like described therein. Efforts have been made to ensure
accuracy with respect to numbers used (e.g., amounts,
temperature, etc.), but some experimental errors and devia-
tions should be accounted for.

Unless indicated otherwise, parts are parts by weight,
molecular weight is weight average molecular weight, tem-
perature is in degrees Celsius (° C.), and pressure is at or
near atmospheric. Standard abbreviations are used, includ-
ing the following: bp=base pair(s); kb=kilobase(s);
pl=picoliter(s); s or sec=second(s); min=minute(s); h or
hr=hour(s); aa=amino acid(s); kb=kilobase(s);
nt=nucleotide(s); ng=nanogram; pg=microgram;
mg=milligram; g=gram; kg=kilogram; dl or dL.=deciliter; ul
or pl=microliter; ml or ml~=milliliter; 1 or L=liter;
nM=nanomolar; pM=micromolar; mM=millimolar;
M=molar; kDa=kilodalton; im.=intramuscular(ly);
i.p.=intraperitoneal(ly); s.c.=subcutaneous(ly); QD=daily;
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BID=twice daily; QW=weekly; QM=monthly; HPLC=high
performance liquid chromatography; BW=body weight;
U=unit; ns=not statistically significant; PBS=phosphate-
buffered saline; PCR=polymerase chain reaction; NHS=N-
Hydroxysuccinimide; DMEM=Dulbeco’s Modification of
Eagle’s Medium; GC=genome copy; ELISA=enzyme-
linked immuno sorbent assay;
EDTA=ethylenediaminetetraacetic acid; PMA=phorbol
myristate acetate; rhl[L-10=recombinant human IL-10;
LPS=lipopolysaccarhide; ESI-MS=electrospray ionization
mass spectrometry; ESI-MS/MS=ESI tandem mass spec-
trometry; TIC=total ion chromatography; ESI-TOF MS=ESI
time of flight mass spectrometry; MALDI=matrix-assisted
laser desorption/ionization mass spectrometry; MALDI-
TOF MS=matrix-assisted laser desorption/ionisation-time
of flight mass spectrometry; RP-HPL.C=reverse-phase high
performance liquid chromatography; IEC=ion-exchange
chromatography; HIC=hydrophobic interaction chromatog-
raphy; PAGE=polyacrylamide gel electrophoresis; SDS-
PAGE=sodium dodecyl dulfate—PAGE; CE=capillary elec-
trophoresis; PCHV=paper chromatography-high voltage
electrophoresis; HVPE=high-voltage paper electrophoresis;
PEG-rhIL-10DS=pegylated recombinant human interleukin
10 drug substance; Endo Glu-C=endoproteinase Glu-C;
DTT=dithiothreitol; UV=ultraviolet.

Materials and Methods

The following general materials and methods may be used
in the Examples below.

Standard methods in molecular biology are described
(see, e.g., Sambrook and Russell (2001) Molecular Cloning,
3" ed., Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y.; and Ausubel, et al. (2001) Current Protocols in
Molecular Biology, Vols. 1-4, John Wiley and Sons, Inc.
New York, N.Y., which describes cloning in bacterial cells
and DNA mutagenesis (Vol. 1), cloning in mammalian cells
and yeast (Vol. 2), glycoconjugates and protein expression
(Vol. 3), and bioinformatics (Vol. 4)).

The scientific literature describes methods for protein
purification, including immunoprecipitation, chromatogra-
phy, electrophoresis, centrifugation, and crystallization, as
well as chemical analysis, chemical modification, post-
translational modification, production of fusion proteins,
and glycosylation of proteins (see, e.g., Coligan, et al.
(2000) Current Protocols in Protein Science, Vols. 1-2, John
Wiley and Sons, Inc., NY).

Production, purification, and fragmentation of polyclonal
and monoclonal antibodies are described (e.g., Harlow and
Lane (1999) Using Antibodies, Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, N.Y.); standard techniques
for characterizing ligand/receptor interactions are available
(see, e.g., Coligan et al. (2001) Current Protocols in Immu-
nology, Vol. 4, John Wiley, Inc., NY); methods for flow
cytometry, including fluorescence-activated cell sorting
(FACS), are available (see, e.g., Shapiro (2003) Practical
Flow Cytometry, John Wiley and Sons, Hoboken, N.J.); and
fluorescent reagents suitable for modifying nucleic acids,
including nucleic acid primers and probes, polypeptides, and
antibodies, for use, for example, as diagnostic reagents, are
available (Molecular Probes (2003) Catalogue, Molecular
Probes, Inc., Eugene, Oreg.; Sigma-Aldrich (2003) Cata-
logue, St. Louis, Mo.).

Standard methods of histology of the immune system are
described (see, e.g., Louis et al. (2002) Basic Histology:
Text and Atlas, McGraw-Hill, New York, N.Y.).

Depletion of immune cells (CD4* and CD8™* T-cells) may
be effected by antibody-mediated elimination. For example,
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250 pg of CD4- or CD8-specific antibodies may be injected
weekly, and cell depletions verified using FACS and IHC
analysis.

Software packages and databases for determining, e.g.,
antigenic fragments, leader sequences, protein folding, func-
tional domains, glycosylation sites, and sequence align-
ments, are available (see, e.g., GCG Wisconsin Package
(Accelrys, Inc., San Diego, Calif.); and DeCypher™ (Time-
Logic Corp., Crystal Bay, Nev.).

Immunocompetent Balb/C or B-cell—deficient Balb/C
mice were obtained from The Jackson Lab., Bar Harbor, Me.
and used in accordance with standard procedures (see, e.g.,
Martin et al (2001) Infect. Immun., 69(11):7067-73 and
Compton et al. (2004) Comp. Med. 54(6):681-89). Other
mice strains suitable for the experimental work contem-
plated by the present disclosure are known to the skilled
artisan and are generally available from The Jackson Lab.

Unless otherwise indicated, PDV6 squamous cell carci-
noma of the skin was used in the experiments described
herein (see, e.g., Langowski et al. (2006) Nature 442:461-
465). Other oncology-related models and cell lines, such as
Ep2 mammary carcinoma, CT26 colon carcinoma, and 4T1
breast carcinoma models, may be used (see, e.g., Langowski
et al. (2006) Nature 442:461-465) and are known to the
skilled artisan. Non-oncology—related models and cell lines
(e.g., models of inflammation) may also be used and are
known to the skilled artisan.

Serum IL-10 concentration levels and exposure levels
may be determined by standard methods used in the art. For
example, a serum exposure level assay can be performed by
collecting whole blood (~50 pl/mouse) from mouse tail
snips into plain capillary tubes, separating serum and blood
cells by centrifugation, and determining I[.-10 exposure
levels by standard ELISA kits and techniques.

Production of Pegylated 1L.-10

The present disclosure contemplates the synthesis of
pegylated IL-10 by any methods known to the skilled
artisan. The description hereafter of several alternative syn-
thetic schemes for producing mono-pegylated IL.-10 and a
mix of mono-/di-pegylated IL-10 is meant to be illustrative
only. While both mono-pegylated IL-10 and a mix of
mono-/di-pegylated 1[.-10 have many comparable proper-
ties, a mix of selectively pegylated mono- and di-pegylated
IL-10 improves the yield of the final pegylated product (see,
e.g., US. Pat. No. 7,052,686 and US Pat. Publn. No.
2011/0250163).

In addition to leveraging her own skills in the production
and use of PEGs (and other drug delivery technologies)
suitable in the practice of the present disclosure, the skilled
artisan is also familiar with many commercial suppliers of
PEG-related technologies (and other drug delivery technolo-
gies). By way of example, NOF America Corp (Irvine,
Calif.) supplies mono-functional Linear PEGs, bi-functional
PEGs, multi-arm PESs, branched PEGs, heterofunctional
PEGs, forked PEGs, and releasable PEGs; and Parchem
(New Rochelle, N.Y.) is a global distributor of PEG products
and other specialty raw materials.

Exemplary Pegylated I1.-10 Synthetic Scheme No. 1.
IL-10 may be dialyzed against 10 mM sodium phosphate at
pH 7.0, 100 mM NaCl. The dialyzed IL.-10 may then be
diluted 3.2 times to a concentration of 4 mg/mL using the
dialysis buffer. Prior to the addition of the linker, SC-PEG-
12K (Delmar Scientific Labs; Maywood, I11.), 1 volume of
100 mM Na-tetraborate at pH 9.1 can be added into 9
volumes of the diluted IL-10 to raise the pH of the IL-10
solution to 8.6. The SC-PEG-12K linker can be dissolved in
the dialysis buffer and the appropriate volume of the linker
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solution (1.8 to 3.6 mole of linker/mole of I[.-10) can be
added into the diluted IL.-10 solution to start the pegylation
reaction. The reaction can be carried out at 5° C. in order to
control the rate of the reaction. The reaction solution can be
mildly agitated during the pegylation reaction. When the
mono-pegylated 1L-10 yield, as determined by size exclu-
sion HPLC (SE-HPLC), is close to 40%, the reaction is
stopped by adding 1M glycine solution to a final concen-
tration of 30 mM. The pH of the reaction solution is slowly
adjusted to 7.0 using an HCI solution, and the reaction
solution is then filtered using a 0.2 micron filter and stored
at —-80.degree ° C.

Exemplary Pegylated IL.-10 Synthetic Scheme No. 2.
Mono-pegylated IL.-10 is prepared using methoxy-PEG-
aldehyde (PALD-PEG) as a linker (Inhale Therapeutic Sys-
tems Inc., Huntsville, Ala.; also available from NOF
America Corp (Irvine, Calif))). PALD-PEG can have
molecular weights of 5 KDa, 12 KDa, or 20 KDa. IL-10 is
dialyzed and diluted as described above, except the pH of
the reaction buffer is between 6.3 and 7.5. Activated PALD-
PEG linker is added to reaction buffer at a 1:1 molar ratio.
Aqueous cyanoborohydride is added to the reaction mixture
to a final concentration of 0.5 to 0.75 mM. The reaction is
carried out at room temperature (18-25° C.) for 15-20 hours
with mild agitation. The reaction is quenched with 1M
glycine. Yields are analyzed by SE-HPLC. Mono-pegylated
IL-10 is separated from unreacted IL-10, PEG linker and
di-pegylated 11.-10 by gel filtration chromatography and
characterized by RP-HPLC and bioassay (e.g., stimulation
of IL-10—responsive cells or cell lines).

Exemplary PEG-IL-10 Synthetic Scheme No. 3. IL-10
(e.g., rodent or primate) is dialyzed against 50 mM sodium
phosphate, 100 mM sodium chloride pH ranges 5-7.4. A
1:1-1:7 molar ratio of 5K PEG-propyladehyde is reacted
with IL-10 at a concentration of 1-12 mg/mlL. in the presence
01 0.75-30 mM sodium cyanoborohydride. Alternatively the
reaction can be activated with picoline borane in a similar
manner. The reaction is incubated at 5-30° C. for 3-24 hours.

The pH of the pegylation reaction is adjusted to 6.3, 7.5
mg/mL of hI[-10 is reacted with PEG to make the ratio of
1L-10 to PEG linker 1:3.5. The final concentration of cya-
noborohydride is ~25 mM, and the reaction is carried out at
15° C. for 12-15 hours. The mono- and di-pegylated 1L.-10
are the largest products of the reaction, with the concentra-
tion of each at ~45-50% at termination. The reaction may be
quenched using an amino acid such as glycine or lysine or,
alternatively, Tris buffers. Multiple purification methods can
be employed such as gel filtration, anion and cation
exchange chromatographies, and size exclusion HPL.C (SE-
HPLC) to isolate the desired pegylated 1L.-10 molecules.

Exemplary Pegylated IL.-10 Synthetic Scheme No. 4.
1L-10 is dialyzed against 10 mM sodium phosphate pH 7.0,
100 mM NaCl. The dialyzed IL.-10 is diluted 3.2 times to a
concentration of about 0.5 to 12 mg/ml. using the dialysis
buffer. Prior to the addition of the linker, SC-PEG-12K
(Delmar Scientific Laboratories, Maywood, Ill.), one vol-
ume of 100 mM Na-tetraborate at pH 9.1 is added into 9
volumes of the diluted IL-10 to raise the pH of the IL-10
solution to 8.6. The SC-PEG-12K linker is dissolved in the
dialysis buffer and the appropriate volume of the linker
solution (1.8 to 3.6 mole linker per mole of IL-10) is added
into the diluted IL-10 solution to initiate the pegylation
reaction. The reaction is carried out at 5° C. in order to
control the rate of the reaction, and the reaction solution is
mildly agitated. When the mono-pegylated IL-10 yield, as
determined by size exclusion HPLC (SE-HPLC), is close to
40%, the reaction is stopped by adding 1M glycine solution
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to a final concentration of 30 mM. The pH of the reaction
solution is slowly adjusted to 7.0 using an HCl solution, and
the reaction is 0.2 micron filtered and stored at —80° C.
Assays to Determine the Bioactivity of Modified Forms of
IL-10

The present disclosure contemplates the use of any assays
and methodologies known in the art for determining the
bioactivity of the IL-10 molecules (e.g, PEG-IL-10)
described herein. The MC/9 Cell Proliferation Assay
described hereafter is representative, and not exclusionary.

MC/9 Cell Proliferation Assay. IL.-10 administration to
MC/9 cells (murine cell line with characteristics of mast
cells available from Cell Signaling Technology; Danvers,
Mass.) causes increased cell proliferation in a dose-depen-
dent manner.

Thompson-Snipes, L. et al. ((1991) J. Exp. Med. 173:
507-10) describe a standard assay protocol in which MC/9
cells are supplemented with IL3+I[.10 and IL3+IL4+IL.10.
Vendors (e.g., R&D Systems, USA; and Cell Signaling
Technology, Danvers, Mass.) use the assay as a lot release
assay for rhI[.10. Those of ordinary skill in the art will be
able to modify the standard assay protocol described in
Thompson-Snipes, L. et al, such that cells are only supple-
mented with IL-10.

Identification of PEG-rhIL.-10DS by Digestion with Endo
Glu-C

In order to discern the integrity of pegylated recombinant
human IL-10 Drug Substance (PEG-rhIL.-10DS), PEG-rhIL-
10DS was digested with Endo Glu-C, followed by reduction
with DTT and analysis using RP-HPLC with UV detection.
The PEG-rhIL-10DS comprised a mixture of mono-pegy-
lated and di-pegylated I[.-10 in a ratio of approximately 1:1,
wherein pegylation occurs at the N-terminus. The PEG
component of the PEG-IL.-10 molecule had a molecular
mass of approximately 5 kDa.

Initially, a theoretical digestion of PEG-rhI[.-10DS and
subsequent determination of the peptide masses were pre-
dicted using commercially-available software. Endo Glu-C
digestions were undertaken where 0.1 mg of PEG-rhIL-10in
formulation matrix was mixed with 40 nug of enzyme for 6
hours at 25+2° C., followed by addition of 37 ul of 500 mM
DTT for 1 hour at 37+2° C. The solution was then resolved
over a Waters XBridge BEH300 C18, 3.5 mm, 2.1 mmx100
mm column (Waters Corp; Milford, Mass.), a HPLC system
equipped with UV detection, autoinjector, gradient analyti-
cal pump, column heater and an appropriate data collection
system. Peptide masses were determined by LC/MS. The
theoretical peptide digest masses were congruent with
observed peptide masses, indicating 100% digestion and
illustrating that the method was suitable for an identity test.

The above-described peptide detection method was then
qualified with a UV-based detection method employing the
Empower software package (Empower Software Solutions;
Orlando, Fla.). Compared to LC/MS methodology, the UV-
based method was more robust and transferable.

PEG-rhILL-10 and rhI[.-10 were then digested with Endo
Glu-Ct, and a UV-detected map was generated. As depicted
in the chromatogram set forth in FIG. 4, the Endo Glu-C
digest yielded discrete peaks wherein the peptide map of
rhI[.-10 (dark trace) and PEG-rhIL-10 (light trace) yielded
substantially similar traces. Thus, the Endo Glu-C peptidase
provided robust results as to the identity (e.g., amino acid
sequence) and stability of compositions comprising pegy-
lated interleukin-10 and other pegylated interleukin-10—
related molecules.

Particular embodiments of this invention are described
herein, including the best mode known to the inventors for
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carrying out the invention. Upon reading the foregoing,
description, variations of the disclosed embodiments may
become apparent to individuals working in the art, and it is
expected that those skilled artisans may employ such varia-
tions as appropriate. Accordingly, it is intended that the
invention be practiced otherwise than as specifically
described herein, and that the invention includes all modi-
fications and equivalents of the subject matter recited in the
claims appended hereto as permitted by applicable law.

42

Moreover, any combination of the above-described elements
in all possible variations thereof is encompassed by the
invention unless otherwise indicated herein or otherwise
clearly contradicted by context.

All publications, patent applications, accession numbers,
and other references cited in this specification are herein
incorporated by reference as if each individual publication
or patent application were specifically and individually
indicated to be incorporated by reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 21
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 178
TYPE: PRT
ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met His
1

Ala Leu Val Leu Leu

10

Ser Ser Leu Leu Cys Cys

Ala Gln Thr Gln

25

Pro Ser Glu Asn Ser

20

Arg Ser Gly Gly

Phe Met

40

Pro Gly Asn Leu Pro Asn Leu Leu

35

Arg Asp Arg

45
Val Thr

Phe Phe

55

Gln Met Gln

60

Ser Arg Leu

50

Lys Lys Asp

Glu Leu Leu Glu Phe

70

Leu Leu Ser

65

Lys Asp Lys

75

Gly Tyr

Gln Ala Glu

85

Leu Ser Met Ile Gln Phe Tyr Leu Glu Glu

90

Gln Ala Glu Gln Ile

105

Asn Pro Ala His Val

100

Asp Asp Lys

Gly Glu Asn Leu Thr Leu Leu Leu

115

Lys Arg

120

Arg Arg Arg

125

Phe Glu Ala Val Glu

140

Leu Pro Asn Ser Gln

130

Cys Lys

135

Lys

Ala
145

Phe Gln

150

Asn Lys Leu Glu Lys Gly Ile Tyr Ala

155

Lys

Phe Ile Phe Ile

165

Ile Glu Ala

170

Asp Asn Tyr Tyr Met Thr

Arg Asn

<210> SEQ ID NO 2

<211> LENGTH: 160

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Thr Gln Glu Asn Ser Thr

10

Ser Pro Ser

1

Gly Gln Gly

5

Cys

Pro Asn Met Leu Leu Ala

20

Asn Leu Arg Asp

25

Arg Asp

Thr
35

Phe Phe Gln Met Gln Asn

45

Lys Lys Leu

40

Asp Asp

Glu
50

Glu Phe Leu

60

Lys Ser Leu Leu Asp

55

Lys Gly Tyr Gly

Glu Met Ile Gln

70

Phe Glu Glu

75

Leu Ser Leu Val Met

65

Tyr

Thr

Cys

30

Asp

Asp

Leu

Val

Asn

110

Cys

Val

Met

Met

His

Phe

30

Leu

Cys

Pro

Gly Val

15

Thr His

Ala Phe

Asn Leu

Gly Cys

80

Met
95

Pro
Ser Leu
His Arg
Asn

Lys

Glu
160

Ser

Lys Ile

175

Phe
15

Pro

Ser Arg

Leu Leu

Gln Ala

Gln Ala

80
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-continued

Glu Asn Gln Asp Pro Asp Ile Lys Ala His Val Asn Ser Leu Gly Glu
85 90 95

Asn Leu Lys Thr Leu Arg Leu Arg Leu Arg Arg Cys His Arg Phe Leu
100 105 110

Pro Cys Glu Asn Lys Ser Lys Ala Val Glu Gln Val Lys Asn Ala Phe
115 120 125

Asn Lys Leu Gln Glu Lys Gly Ile Tyr Lys Ala Met Ser Glu Phe Asp
130 135 140

Ile Phe Ile Asn Tyr Ile Glu Ala Tyr Met Thr Met Lys Ile Arg Asn
145 150 155 160

<210> SEQ ID NO 3

<211> LENGTH: 274

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 3

Val Ile Leu Pro Asn Asn Asp Arg His Gln Ile Thr Asp Thr Thr Asn
1 5 10 15

Gly His Tyr Ala Pro Val Thr Tyr Ile Gln Val Glu Ala Pro Thr Gly
20 25 30

Thr Phe Ile Ala Ser Gly Val Val Val Gly Lys Asp Thr Leu Leu Thr
35 40 45

Asn Lys His Val Val Asp Ala Thr His Gly Asp Pro His Ala Leu Lys
50 55 60

Ala Phe Pro Ser Ala Ile Asn Gln Asp Asn Tyr Pro Asn Gly Gly Phe
65 70 75 80

Thr Ala Glu Gln Ile Thr Lys Tyr Ser Gly Glu Gly Asp Leu Ala Ile
85 90 95

Val Lys Phe Ser Pro Asn Glu Gln Asn Lys His Ile Gly Glu Val Val
100 105 110

Lys Pro Ala Thr Met Ser Asn Asn Ala Glu Thr Gln Val Asn Gln Asn
115 120 125

Ile Thr Val Thr Gly Tyr Pro Gly Asp Lys Pro Val Ala Thr Met Trp
130 135 140

Glu Ser Lys Gly Lys Ile Thr Tyr Leu Lys Gly Glu Ala Met Gln Tyr
145 150 155 160

Asp Leu Ser Thr Thr Gly Gly Asn Ser Gly Ser Pro Val Phe Asn Glu
165 170 175

Lys Asn Glu Val Ile Gly Ile His Trp Gly Gly Val Pro Asn Glu Phe
180 185 190

Asn Gly Ala Val Phe Ile Asn Glu Asn Val Arg Asn Phe Leu Lys Gln
195 200 205

Asn Ile Glu Asp Ile His Phe Ala Asn Asp Asp Gln Pro Asn Asn Pro
210 215 220

Asp Asn Pro Asp Asn Pro Asn Asn Pro Asp Asn Pro Asn Asn Pro Asp
225 230 235 240

Glu Pro Asn Asn Pro Asp Asn Pro Asn Asn Pro Asp Asn Pro Asp Asn
245 250 255

Gly Asp Asn Asn Asn Ser Asp Asn Pro Asp Ala Ala His His His His
260 265 270
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-continued

<210> SEQ ID NO 4

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 4

Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg
1 5 10

<210> SEQ ID NO 5

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 5

Arg Arg Gln Arg Arg Thr Ser Lys Leu Met Lys Arg
1 5 10

<210> SEQ ID NO 6

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 6

Gly Trp Thr Leu Asn Ser Ala Gly Tyr Leu Leu Gly Lys Ile Asn Leu
1 5 10 15

Lys Ala Leu Ala Ala Leu Ala Lys Lys Ile Leu
20 25

<210> SEQ ID NO 7

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 7

Lys Ala Leu Ala Trp Glu Ala Lys Leu Ala Lys Ala Leu Ala Lys Ala
1 5 10 15

Leu Ala Lys His Leu Ala Lys Ala Leu Ala Lys Ala Leu Lys Cys Glu
20 25 30

Ala

<210> SEQ ID NO 8

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 8

Arg Gln Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Trp Lys Lys
1 5 10 15

<210> SEQ ID NO 9

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:
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-continued

48

<223> OTHER INFORMATION: synthetic polypeptide
<400> SEQUENCE: 9

Arg Lys Lys Arg Arg Gln Arg Arg Arg
1 5

<210> SEQ ID NO 10

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 10

Arg Lys Lys Arg Arg Gln Arg Arg
1 5

<210> SEQ ID NO 11

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 11

Tyr Ala Arg Ala Ala Ala Arg Gln Ala Arg Ala
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 12

Thr His Arg Leu Pro Arg Arg Arg Arg Arg Arg
1 5 10

<210> SEQ ID NO 13

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 13

Gly Gly Arg Arg Ala Arg Arg Arg Arg Arg Arg
1 5 10

<210> SEQ ID NO 14

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(5)

<223> OTHER INFORMATION: amino acids 1-5 may be repeated n times where
n is an an integer of at least one

<400> SEQUENCE: 14
Gly Ser Gly Gly Ser

1 5

<210> SEQ ID NO 15
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-continued

50

<211> LENGTH: 4
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION:
<220> FEATURE:

synthetic polypeptide

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(4)
<223> OTHER INFORMATION:

amino acids 1-4 may be repeated n times where

n is an an integer of at least one

<400> SEQUENCE: 15

Gly Gly Gly Ser
1

<210> SEQ ID NO 16
<211> LENGTH: 4
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 16
Gly Gly Ser Gly

1

<210> SEQ ID NO 17
<211> LENGTH: 5
<212> TYPE: PRT

synthetic polypeptide

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 17
Gly Gly Ser Gly Gly

1 5

<210> SEQ ID NO 18
<211> LENGTH: 5
<212> TYPE: PRT

synthetic polypeptide

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 18
Gly Ser Gly Ser Gly

1 5

<210> SEQ ID NO 19
<211> LENGTH: 5
<212> TYPE: PRT

synthetic polypeptide

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 19
Gly Ser Gly Gly Gly

1 5

<210> SEQ ID NO 20
<211> LENGTH: 5
<212> TYPE: PRT

synthetic polypeptide

<213> ORGANISM: Artificial sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 20

Gly Gly Gly Ser Gly

synthetic polypeptide
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-continued

<210> SEQ ID NO 21

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 21

Gly Ser Ser Ser Gly
1 5

What is claimed is:
1. A method of confirming the amino acid sequence of a
pegylated interleukin-10 (PEG-IL-10), comprising:

fragmenting a test PEG-IL-10 with a glutamyl endopep-
tidase (Endo Glu-C), to yield a test plurality of pep-
tides;

separating peptide members of the test plurality of pep-
tides by chromatography;

analyzing said separated peptide members using ultravio-
let absorption spectroscopy to provide a test PEG-IL-10
chromatogram;

comparing the test PEG-IL.-10 chromatogram to a refer-
ence standard chromatogram, said reference standard
chromatogram generated by Endo Glu-C digestion of a
reference standard PEG-IL-10, separating peptide
members of the reference standard by chromatography,
and analyzing said separated peptide members using

20

25

30

ultraviolet absorption spectroscopy to provide the ref-
erence standard chromatogram;

wherein the amino acid sequence of the test PEG-IL-10 is

confirmed by the substantial equivalency of the reten-
tion time of the peaks of the test PEG-IL-10 chromato-
gram and the reference standard chromatogram.

2. The method of claim 1, wherein both the test and
reference standard PEG-IL-10 is PEG-hIL-10.

3. The method of claim 1, wherein the chromatography is
reverse phase high performance liquid chromatography.

4. The method of claim 1, wherein the test and reference
standard PEG-IL-10 comprises a mixture of mono-pegy-
lated and di-pegylated IL-10.

5. The method of claim 4, wherein the PEG component of
the test PEG-IL-10 has a molecular mass from about 5kDa
to about 20kDa.



